


U.S. DEPARTMENT OF THE INTERIOR 
U.S. GEOLOGICAL SURVEY 


we 


88077239 
Prepared in cooperation with the 


BUREAU OF LAND MANAGEMENT 





Be 


es 


Hydrologic Characteristics of the Agua Fria 
Ne cae evaapa Central Arizona, 
_ Determined from the Reconnaissance Study 











GB 

991 

383 —-1¢ Investigations Report 2004—5163 
F64 

2005 





# 











Hydrologic Characteristics of the 
Agua Fria National Monument, 
Central Arizona, Determined from 
the Reconnaissance Study 


By John B. Fleming 


Prepared in cooperation with the 
BUREAU OF LAND MANAGEMENT 


Scientific Investigations Report 2004—5163 


U.S. Department of the Interior 
U.S. Geological Survey 





BLM Library 

Denver Federal Center 
Bldg. 50, OC-521 

P.O. Box 25047 
Denver, CO 80225 





U.S. Department of the Interior 
Gale A. Norton, Secretary 


U.S. Geological Survey 
Charles G. Groat, Director 


U.S. Geological Survey, Reston, Virginia: 2005 
For sale by U.S. Geological Survey, Information Services 

Box 25286, Denver Federal Center 

Denver, CO 80225-0286 


Prepared by the Arizona Water Science Center, Tucson. 


For more information about the USGS and its products: 
Telephone: 1-888-ASK-USGS 
World Wide Web: http://www.usgs.gov/ 


Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 


Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report. 


Suggested citation: 


Fleming, J.B., 2005, Hydrologic characteristics of the Agua Fria National Monument, central Arizona, determined from 


the reconnaissance study. U.S. Geological Survey Scientific Investigations Report 2004-5163, 53 p. 


Contents 


UND SUC Came ee ren APE Teen Pomc h Conta eS lee Eee Ne aM AT eRe ede We ile Gie Hudhie 
ECU GUIG tt Ol) meme ere Minna ecient atsces cal iene vic Be « AMOR MARE HR oe Oe Re ae es 
Bir DOSerd CSCO DCR wee ere wee Rn Oe COSC SL Cues ce tay cece xy 
HESUHINUOMO ln GrStIC Vide a mmm eines CIN tohmenaen gh rani cetcs. icc es ben's bee eee ns 
BECVIOUSHNIVE SUC) ALO) Semen marin Rte eMC cites ne ee Nc e e e ie bad Baas 
AGKDOWICCOIMEDUS ammteem nme et ear, ot seretae pote a A Re Fecha nlew dalla plier kely 
NOP SY CET yee aod he cette Ora AR ap neo gare Bee ea 
ELON a oe re ol Re OG Sa ee ee 
VELOOEOLOCI CHIT sate are nnni eM Mn REM Ar tiie that cle 'se «a ss Aletew enn e 
MU Cl S ane en gene ee ER nO URGE Ni iG adet.v nln aka vee weir eeede es ie 
STO CL Ss 3s chs iy oan ahes bocce st tng OURS aici) yak RENE ae ee ee 
WV Ath CVClS eee eer MeMENn te etn we eer Wei Pies corals eo wudes baa ende dy ceeds vn 
GTOUNC AVAL ad Udit) memenne te aera oT eN Tee cet St Serr, GRA ee 
UCC hw ol Chew eee inte emer eee, tence k.'.* Wane yale, OL eee DRE te cate duce 
Se aLAeSCHPUOMSIAN CG MIOMO IN Gumeeenys faeces wt es vec te ee ee eee ose 
SUTTER EIT TCS. ee Pes Pe eg a 
Siimece-wate dU all ly Wenn Pete) a), Ga cin tina kya hos baa taesedon ea hee nd nea 
Ground: Water surtace-walemmlenaclOnemu: ony ete. sca cecal henry Sace ale 8 coeis Hater cued 
Cons eral Ons fOr iuiinClmsul Vm meen ane nhc tative wes Se adh ates dns eQduieeaae ess 
SS LIVE od hye emt eee et Pee t,o) sivns as smutty hannmenee tawsts Lo RA Reaga. Saat 
PEREGO GC GuCIlC Ummmemnanee wim nemetiPee Dee iE Mar Me Of Bee Sek fics a huh (5 05 Tai estate, 2 wally sl sralage te Cala wok se 
Appendix 1: Summary of drillers’ logs for wells within the 
Aguairria National Monument; central Arizona.......0..:...-..s.c0.s00000 005 
Appendix 2 Ground-water quality data for wells in the Agua Fria 
National Monument study area, central Arizona............ 0.0... cee eee 
Appendix 3 Bureau of Land Management field-measured water 
properties and streamflow data from sites in the 
Agua Fria National Monument study area, 
(LETTE NGLOTOG c,  SBiy ae a ete ha ee 











iv 


Figures 


1-7. Maps showing: 


UE 


9. 


10. 


11; 


2 


13: 


Locations of the study area, Agua Fria National Monument, 

the U.S. Geological Survey streamflow-gaging station, 

and precipitationigages; central Arizoniassn sere ae eee eee 
Vegetation types in the Agua Fria National Monument 

study area, centratiAnzomna pete. eee eee er er re ee 
Geology and locations of wells for which a driller's log is 

available, Agua Fria National Monument study area, 

central ArZONa «sce fs-cu iiss aso ns teeta eee ene meee eee 
Locations of springs in the Agua Fria National Monument area, 

central Arizona scissors Soa Oe sae ty ee are Nn ne ate ee 
Potentiometric surface, 2003, Agua Fria National Monument 

area, central ANZOnasdn 225 scouted Secon Ae eer ere cece cc © Sea 
Agua Fria River and major tributaries in the Agua Fria National 

Monument study area, central Arizona te... sree eee ee 
Surface-water sites in the Agua Fria National Monument 

study area, central Arizona, at which data were collected 

by the U.S. Geological Survey or the Bureau of Land 

Management, 1980-2002 05.2... casa sane 5 onsen eaten nee erent ere mera eee een 


. Graphs showing: 
8. 


Mean monthly streamflow at Agua Fria River near Mayer, 

Arizona, 1940-20025 siiyston ake ecterediete Gia ays tote oie ete ee 
Mean daily streamflow at Agua Fria River near Mayer, 

Arizona, 1940=20028 2 ))o icons Ris oienacs & os ace 2s eee Gan ee ee 
Mean monthly streamflow at Agua Fria River near 

Rock Springs, Arizona, 970=2002 2 veces es ee ce ee ee 
Mean daily streamflow at Agua Fria River near 

Rock:Springs, Anizonia;1970=2002 08 screen ee ee eee 
Mean monthly precipitation at gages near the 

Agua Fria National Monument area, 

central’ Arizona ss se os scenes sus oo sy ss salvage nite oe ee ee meee 
Annual peak streamflow at Agua Fria River near 

Mayer, Arizona, 1940=2002 79.2...) eae 
Annual mean streamflow at Agua Fria River near 

Maver, Arizona, 1940-200 li. 2. cee ae saan eee ee 
Annual peak streamflow at Agua Fria River near 

Rock. Springs, Arizona; 1920-2002 s0 <a yer cene eae ener 
Annual mean streamflow at Agua Fria River near 

Rock Springs, Arizona; 197 1=20015 see eet ce 
Streamflow of the Agua Fria River at the seepage study 

sites, Agua Fria National Monument, central Arizona, 

May 2002 9 avira, gaits coe un nce notes acc k aes Sek ee al ee ae 


Tables 


WE 


18. 


13. 


Springs in the Agua Fria National Monument study area, central Arizona ........... 10 
Field-measured water properties and discharge data from the Bureau of 

Land Management for springs in the Agua Fria National Monument 

Sulgvedhear Centra WAL ZOMG me emmimrrs «fle nee koe oe Anna ya nie vaeen eres eas bs 12 
Lengths of perennial reaches of the Agua Fria River and tributaries of 

the Agua Fria River, Agua Fria National Monument study area, 


CONT all AblZ Of Catena tae IN Cerna tern ok ge seek Sn RRA LS aalaie « Save ds 14 
U.S. Geological Survey streamflow-gaging stations on the Agua Fria 
River in the Agua Fria National Monument study area, central Arizona.............. 14 


Surface-water sites on the Agua Fria River in the Agua Fria National 

Monument study area, central Arizona, for which records were 

available in the U.S. Geological Survey National Water Information 

SVSUEIUNC UO CMe ee en enne ese Ones ha, eeieP ORE. 1, Sicha Othe Cutan ecerx stn od 16 
Surface-water sites in the Agua Fria National Monument study area, 

central Arizona, at which streamflow and field properties were 

measured by Bureau of Land Management staff, June 1992 to 

NOVEMDer gone: aarti iae ort, emmnMe ane SKA cetlina. Acs cate beak we wes bens 16 
Surface-water sites on the Agua Fria River in the Agua Fria National 

Monument, central Arizona, at which streamflow, specific 

conductance, and temperature were measured during the 


SCO AGES LUV LMA UU Zee nnneene ME ete 2 5%.0 0 aoe cass ced cult sse sees san 16 
Precipitation gages in the Agua Fria National Monument study area, 

CEN aleAZONG, 2 eres een ete pt ret Ver facet, aie SE te Sua A de aiae ua te SUS Saeed 18 
Duration of mean daily flow, Agua Fria River near Mayer, 

ANIZON ara 04 200 rere eee tee ete Shh. Pie Saw cuales ST wes 21 
Duration of daily mean flow, Agua Fria River near Rock Springs, Arizona, 

POT eT OLAUUM 0) 0-0 Sens ere yoo csc c usc s see neceaarendeae es 21 
Magnitude and probability of high flow, Agua Fria River near 

NiAVeWeAHIZ Ot ca 4: (Omer eet Nala ne ory re ve cancion PERE TT SPARE Se tt 22 
Magnitude and probability of high flow, Agua Fria River near 

HOCK ODUNGSPAnIZONar loi o AnG@el9) O20 awed. es slate esc Aerie hue. einen al als \ Ups 
Magnitude and probability of low flow, Agua Fria River near 

MaVelsmriZOlaml 41 JO a eae ete compoeme ita a. Sy Se A 0 22 
Magnitude and probability of low flow, Agua Fria River near 

ROCK Opiings AlizOnaal O7 =o andl 976--OON. Sse fy Mac on sete d csits Ga pee veal 23 


Streamflow data from sites on the Agua Fria River in the Agua Fria 
National Monument study area, central Arizona, that were 
retrieved from the U.S. Geological Survey National Water 


Agha a ae REL ETOY ASS 25 TE PAI te See 23 
Streamflow of Agua Fria River at the seepage study sites, Agua Fria 
National Monument, central Arizona, May 2002. acces. csc ccr nse cea e ses ee sees 23 


Specific-conductance, pH, and selected cation concentration data 

for sites on the Agua Fria River in the Agua Fria National Monument 

study area, central Arizona, that were retrieved from the U.S. 

Geological Survey National Water Information System, 2002 ...................00- 24 
Average stream-property values at sites in the Agua Fria National 

Monument study area, central Arizona, measured by Bureau of 

Land Management staff, June 1992 to November 1998 .............. 00 cece eee eee 25 
Specific-conductance and temperature data for the seepage study 

sites along the Agua Fria River, Agua Fria National Monument, 

COU AZO an WiaN 7 \) 2 een Reena Manin ahs Waites eeouet be. Hea oud 4a Gas 25 





vi 


Conversion Factors and Datums 























By To obtain 
Length 
inch (in) 2.54 centimeter 
inch (in) Ds millimeter 
foot (ft) 0.3048 meter 
mile (mi) 1.609 kilometer 
Area 
acre 4,047 square meter 
acre 0.4047 hectare 
acre 0.004047 square kilometer 
square foot (ft) 929.0 square centimeter 
square foot (ft) 0.09290 square meter 
square mile (mi?) 2.990 square kilometer 
Volume 
acre-foot (acre-ft) 0.001233 cubic hectometer 
cubic foot per second (ft?/s) 0.02832 cubic meter per second 





Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: 
F=(1.8°C)+32 


Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 
(NGVD 29)—a geodetic datum derived from a general adjustment of the first-order level nets of 
both the United States and Canada, formerly called Sea Level Datum of 1929; horizontal 
coordinate information is referenced to the North American Datum of 1927 (NAD 27). Altitude, as 
used in this report, refers to distance above or below NGVD 29. 


ABBREVIATED WATER-QUALITY UNITS 


Chemical concentration and water temperature are given only in metric units. Chemical 
concentration in water is given in milligrams per liter (mg/L) or micrograms per liter (ug/L). 
Milligrams per liter is a unit expressing the solute mass (milligrams) per unit volume (liter) of 
water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations 
less than 7,000 milligrams per liter, the numerical value is about the same as for concentrations in 
parts per million. Specific conductance is given in microsiemens per centimeter at 25 degrees 
Celsius (uS/cm at 25°C). 
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WELL-NUMBERING AND NAMING SYSTEM 


WELL (A-11-02)25bdd 
































Quadrant A, Township 11 North, Range 2 East, section 25, 160-acre tract b, 
40-acre tract d, 10-acre tract d 


The well numbers used by the U.S. Geological Survey in Arizona are in accordance with the Bureau of Land 
Management's system of land subdivision. The land survey in Arizona is based on the Gila and Salt River Meridian 
and Base Line, which divide the State into four quadrants that are designated by capital letters A, B, C, and Dina 
counterclockwise direction, beginning in the northeast quarter. The first digit of a well number indicates the township, 
the second the range, and the third the section in which the well is situated. The lowercase letters a, b, c, and d after 
the section number indicate the well location within the section. The first letter denotes a particular 160-acre tract, 
the second the 40-acre tract, and the third the 10-acre tract. These letters also are assigned in a counterclockwise 
direction, beginning in the northeast quarter. If the location is known within the 10-acre tract, three lowercase letters 
are shown in the well number. Where more than one well is within a 10-acre tract, consecutive numbers beginning 
with | are added as suffixes. In the example shown, well number (A-11-02)25bdd designates the well as being in 
the SE!/4, SE!/4, NW1/4, section 25, Township 11 North, and Range 2 East. 








Hydrologic Characteristics of the Agua Fria 
National Monument, Central Arizona, 
Determined from the Reconnaissance Study 


By John B. Fleming 


Abstract 


Hydrologic conditions in the newly created Agua Fria National Monument were characterized on the basis of 
existing hydrologic and geologic information, and streamflow data collected in May 2002. The study results are 
intended to support the Bureau of Land Management’s future water-resource management responsibilities, including 
quantification of a Federal reserved water right within the monument. This report presents the study results, identifies 
data deficiencies, and describes specific approaches for consideration in future studies. 


Within the Agua Fria National Monument, the Agua Fria River flows generally from north to south, traversing 
almost the entire 23-mile length of the monument. Streamflow has been measured continuously at a site near the 
northern boundary of the monument since 1940. Streamflow statistics for this site, and streamflow measurements from 
other sites along the Agua Fria River, indicate that the river is perennial in the northern part of the monument but 
generally is intermittent in downstream reaches. The principal controls on streamflow along the river within the 


monument appear to be geology, the occurrence and distribution of alluvium, inflow at the northern boundary and from 
tributary canyons, precipitation, and evapotranspiration. At present, (2004) there 1s no consistent surface-water quality 
monitoring program being implemented for the monument. 


Ground-water recharge within the monument likely results from surface-water losses and direct infiltration of 
precipitation. Wells are most numerous in the Cordes Junction and Black Canyon City areas. Only eight wells are within 
the monument. Ground-water quality data for wells in the monument area consist of specific-conductance values and 


fluoride concentrations. During the study, ground-water quality data were available for only one well within the 
monument. No ground-water monitoring program is currently in place for the monument or surrounding areas. 


Introduction 


The Agua Fria National Monument is a recently 
(2000) designated preserve in central Arizona (fig. 1) 
that is managed by the Bureau of Land Management 
(BLM). Information was needed to provide a basis for 
development of resource-management strategies. In 2002 
the U.S. Geological Survey (USGS), in cooperation with 
the BLM, began a hydrologic characterization of the 
monument. This reconnaissance study compiled 
information that can be used by the BLM to support 
future water-resource management responsibilities 
within the monument, including quantification of a 
Federal Reserve water right. 


Purpose and Scope 


The purpose of this report is to present existing 
hydrologic and geologic information, supplemented 
with new streamflow data, and describe the surface-water 
and ground-water conditions in the monument on the 
basis of this information. The report describes the 
ground-water flow system and its interaction with 
streams within the monument and in adjacent areas, 
and in general terms, the surface-water flow regime. 
The study results will enable the BLM to design and 
implement detailed hydrologic and hydrogeologic data- 
collection programs. 
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Figure 1. Locations of the study area, Agua Fria National Monument, the U.S. Geological Survey streamflow-gaging 
station, and precipitation gages, central Arizona. 


Description of the Study Area 


The Agua Fria National Monument lies within the 
Transition Zone between the Basin and Range and 
Colorado Plateau Physiographic Provinces (Fenneman, 
1931) about 40 mi north of Phoenix, Arizona (fig. 1). 

It encompasses about 71,000 acres within the Agua Fria 
watershed and includes 23 mi of perennial and 
intermittent reaches of the Agua Fria River that support 
highly valued riparian areas. The study area was extended 
beyond the monument boundaries to include information 
on hydrologic and geologic factors in areas adjacent to 
the monument that, in part, control hydrologic conditions 
within the monument. 


Within the monument, the Agua Fria River generally 
flows from north to south, traversing almost the entire 
length of the monument (fig. 1). The geology within the 
monument is closely reflected in the terrain. Precambrian 
granitic rocks and schist in the Bradshaw Mountains 
bordering the western margin of the monument are 
exposed as rugged, deep canyons with steep slopes. 

To the east, surficial units are mostly Tertiary and 
Quaternary basaltic rocks underlain by Precambrian 
granitic rocks and schist (Wilson, 1988). These areas are 
typified by broad, gently sloping mesas separated by 
deeply incised, steep side canyons. In the southern half of 
the monument, the river has carved a deep canyon 
through the basaltic rocks and into the Precambrian 
granitic rocks and schist that, in some places, exceeds 
1,000 ft. Land-surface altitude within the monument 
ranges from about 2,050 ft along the Agua Fria River 
near Black Canyon City to about 4,600 ft in the northern 
hills near Sycamore Mesa. 


The semiarid climate in the monument is 
characterized by hot and relatively dry summers and 
mild winters. Average seasonal high temperatures 
measured in Cordes, Arizona, northwest of the 
monument, range from 35°C in the summer to 13.9°C 
in the winter (Western Regional Climate Center, Desert 
Research Institute, 2004). Precipitation predominantly 
occurs during two periods. Summer monsoonal rains, 
which generally occur from July through September, are 
characterized by often intense, isolated thunderstorms. 
Winter precipitation from December through March is 
predominantly rain, but includes snow. Average annual 
precipitation within the monument probably is less than 
20 inches. Precipitation amounts vary greatly with 
altitude; higher altitudes generally receive greater 
amounts (Sellers and Hill, 1974). 


The varied geology and climate within the 
monument provide favorable habitat for a wide variety 
of desert plants including several species of grasses, 


Approach 3 


mesquite, palo verde, yucca, and cacti, such as prickly 
pear and saguaro (fig. 2). Vegetated areas along the 
Agua Fria River contain mixed grasses, shrubs, and trees. 


Previous Investigations 


Although no detailed geologic mapping specific 
to the monument has been conducted, Anderson and 
Blacet (1972) provide detailed geology for most of the 
northern half of the monument. A less detailed map of 
Yavapai County was published by the Arizona Bureau of 
Mines (1958). Additional geologic data (Richard and 
others, 2000) are also available. Littin (1981) provided 
the first generalized description of the hydrogeologic 
conditions in the Agua Fria watershed. He described the 
major hydrogeologic units; produced maps showing 
locations of wells and springs, water-level conditions, 
and generalized direction of ground-water flow; and 
presented water-quality data. Wilson (1988) reported on 
the water resources in the northern part of the Agua Fria 
watershed and provided an updated description of the 
hydrogeologic conditions in the area that would 
eventually become the northern half of the monument. 
Partly in response to public concern over increased 
development in the watershed, Barnett and others (2003) 
provided a reassessment of the hydrogeologic conditions 
in the upper Agua Fria watershed with an emphasis on 
planning for sustainability of water resources. 
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Approach 


Information was compiled from the Arizona 
Geological Survey, the USGS National Water 
Information System (NWIS), the BLM Phoenix Field 
Office archives, and databases maintained by the Arizona 
Departments of Environmental Quality and Water 
Resources, the Western Regional Climate Center in 
Reno, Nevada, and the Arizona Game and Fish 
Department. Information included bibliographic data, 
hydrologic data, spatial data sets, paper maps, published 
reports, and other relevant documents. 








4 Hydrologic Characteristics of the Agua Fria National Monument, Central Arizona, Reconnaissance Study 


112°10' 5° 112° 111°55' 





- National 
‘SSMonument 


a 


Base from U.S. Geological Survey 0 4 MILES Vegetation data from 
digital data, 1:100,000, 1982 Halvorson and others, 2001 
Universal Transverse Mercator /-—4—- + 

projection, Zone 12 0 4 KILOMETERS 


Figure 2. Vegetation types in the Agua Fria National Monument study area, central Arizona. 
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Figure 2. Continued. 


A reconnaissance field trip was conducted in 
March 2002 to develop a preliminary understanding 
of the physical setting. In May 2002, a seepage study 
was conducted during which streamflow, specific 
conductance, and temperature were measured at 14 sites 
along the Agua Fria River within the monument. Existing 
data were combined with these newly collected data to 
aid in the preliminary characterization of the surface- 
water and ground-water hydrology of the study area. 


Ground Water 


The main water-bearing unit within the monument 
is the stream-channel alluvium, which is bounded by 
outcrops of igneous and metamorphic rocks. Although no 
_ thickness data exist for the alluvial aquifer along the river 
_ channel within the monument, the distance between 
bedrock outcrops bisected by the channel and evidence of 
. high-volume scouring flows indicate that, in some areas, 
the cross-sectional area of the alluvium is probably less 
than a few hundred square feet. This is especially true 
where the river has incised the bedrock to form a deep 
_, canyon. Recharge to the alluvial aquifer probably is from 
infiltration of surface water and precipitation. Decreases 
in streamflow along the river in the monument indicate 
that surface water is being lost to the alluvial aquifer. 


A secondary aquifer could comprise the igneous and 
metamorphic rock units that transmit water as a result of 
secondary porosity related to fracturing. The main source 
of recharge for these units likely is local precipitation that 
infiltrates directly into permeable zones associated with 


Mixed pinyon-juniper/mixed grass/scrub 
Pinyon-juniper/shrub live oak/mixed shrub 
Flood damaged (1993) riparian 
Semidesert mixed grass/mixed scrub 


Sonoran riparian/low-lying riparian scrub 





Sonoran paloverde/mixed cacti/mixed scrub 
Urban 
Water 


fracturing and indirectly though overlying alluvium. 
Ground water within these zones likely discharges at 
several springs in and near the monument. 


Hydrogeologic Units 


According to Richard and others (2000), geologic 
units in the study area vary in age from about 1.8 billion 
years for Proterozoic metamorphic rocks to modern for 
alluvial and eolian deposits (fig. 3). Along much of its 
length within the monument, the Agua Fria River has 
incised the Tertiary basaltic rocks, Tertiary sedimentary 
units, and Proterozoic granitic rocks that make up the 
river canyon. These rocks likely are the principal sources 
of alluvium within the canyon. On the basis of a review 
of drillers’ logs, the alluvium ranges in size from silt to. 

_ boulder, and in some areas, the alluvial thickness exceeds 
150 ft. The areal extent and thickness of alluvium likely 

are the principal controls on the availability of usable 

- ground water. The reported depths to water from the same 
drillers’ logs range from an unknown height above land 
surface to 328 ft below land surface. 


Available geologic maps show no faults or other 
major structural features within the monument. Richard 
and others (2000) reported largely northwest-trending 
faults east and west of the monument, and northeast- 
trending faults northwest and southeast of the monument. 
The nearest of these faults, which offset only the 
Proterozoic rocks, are about 3 mi east of the eastern 
monument boundary (fig. 3). 
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Figure 3. Geology and locations of wells for which a driller's log is available, Agua Fria National Monument study 
area, central Arizona. 
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EXPLANATION 


Surficial deposits—Alluvium in present-day valleys and piedmonts, eolian deposits, HOLOCENE TO MIDDLE PLIOCENE 
and local glacial deposits 

Sedimentary rocks—Units deposited during and after late Tertiary normal faulting, 
sedimentary parts of Bidahochi Formation, and the Bouse Formation; commonly PLIOCENE TO MIDDLE MIOCENE 
capped by patches of Quaternary surficial deposits 


Basaltic rocks— Units such as the Hickey Formation, erupted after most mid-Tertiary LATE TO MIDDLE MIOCENE 
volcanism and tectonism. 
Sedimentary rocks—Deposited during mid-Tertiary orogenic activity in the Basin 
and Range Province and southwestern Transition Zone. 
MIDDLE MIOCENE TO OLIGOCENE 
Volcanic rocks—Silicic to mafic flows and pyroclastic rocks; includes some sub- 
volcanic intrusions. 


Granitoid rocks—Granite, granodiorite, tonalite, quartz diorite, diorite, and gabbro; 
commonly foliated. 


‘ EARLY PROTEROZOIC 
Metasedimentary rocks 


Metavolcanic rocks 
Fault 


Well for which a driller’s log is available; labeled wells correspond to identifier in 
appendix 1 


Figure 3. Continued. 
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On the basis of the distribution of low-permeability 
crystalline igneous and metamorphic basement rocks that 
separate ground-water flow systems, Wilson (1988) 
divided much of the Agua Fria watershed into three 
ground-water subareas: Lonesome Valley, Mayer, and 
Black Hills. Wilson (1988) provides generalized 
descriptions for the hydrogeologic rock units that make 
up the major aquifer in each of these subareas. The Black 
Hills subarea, which occupies most of the southeastern 
half of the watershed, includes the monument and 
adjacent areas. Within the monument, the hydrogeologic 
units are the Quaternary alluvium, Tertiary basaltic 
rocks, and the early Proterozoic granitic rocks. 

The basaltic rocks into which tributary drainages are 
incised are higher in altitude than the alluvium, overlie 
granitic rocks, and crop out in the eastern half of the 
monument. Because the thickness of the basaltic rocks is 
unknown, the amount of water that could be moving 
through these rocks cannot easily be estimated. Basaltic 
rocks west of the river that underlie the southern half of 
the monument’s western boundary have a limited extent 
due to erosional isolation and likely contribute little 
water to the alluvium. 


Wells ; K 
Data obtained from the Arizona Department of 
Water Resources (ADWR) and USGS databases for 
wells in the study area include drillers’ logs and 
information about well use, well location, water levels, 
and water quality. Of the 88 wells for which data were 
obtained, only 8 are within the monument. Many of 
the 88 wells are in the Cordes Junction and Black 
Canyon City areas and are private, domestic, or 
agricultural wells that are not routinely monitored for 
water levels or water quality. 

Drillers’ logs were obtained from the ADWR 
database for 39 wells in or near the monument (fig. 3). 
Of these 39 wells, 5 are within the monument. Most of 
the 39 wells are in the towns of Cordes and Black 
Canyon City as there is little ground-water development 
in rural areas. Drillers’ logs generally are consistent with 
the mapped geology. In areas mapped as Quaternary 
surficial deposits, which include alluvium, drillers’ 
logs showed that these deposits vary in thickness from 
O ft to as much as 150 ft and are typically underlain by 
metamorphic rocks including granite and schist (fig. 3). 
In areas mapped as Tertiary basaltic rocks, drillers’ logs 
showed thicknesses in excess of 500 ft in some areas. 

A summary of the five drillers’ logs for wells within the 
monument is given in appendix | of this report. 


Springs 


Data obtained from the USGS Ground-Water Site 
Inventory (GWSI) database indicated four springs in the 
study area. Of these, only one (Badger Spring) is reported 


‘are not clear. 7 a 


as being within the monument (fig. 4 and table 1). 

Data obtained from the BLM database indicated 

24 springs in the study area (fig. 4 and table 1). There is 
disagreement, however, between the two databases with 
respect to the location of Badger Spring. 


There are more springs in the northern part of the 
monument than in the southern part. In relation to the 
scale of the mapped geology in the area, many of the 
springs appear to issue from dissected areas within 
the Tertiary basaltic rocks and the early Proterozoic 
granitic rocks and metasedimentary units. Littin (1981) 
reported that most springs issuing from basaltic rocks 
are seasonal, whereas most springs issuing from _— 


Se 


granitic rocks and metasedimentary units are perennial; 


however, the means by which this conclusion was drawn 


= g j | Q 
—> < SOUL BSH OX ff SS 


Water Levels  Sitsee Lueheok pees ee 


Littin (1981) constructed a map of ground-water 
altitude and generalized direction of ground-water flow 
in the Agua Fria area. That work, however, had little or 
no detailed information for the area that is now the 
monument. As a follow-up to the work of Littin (1981), 


| Le6n and Ferré (2003) constructed a ground-water 
~— \ altitude map for the upper Agua Fria watershed using 


water levels measured between January 1962 and 

April 2002 at 363 wells (fig. 5). Although data are sparse 
for areas within the monument and east of the monument, 
the map shows that ground-water flow is generally from 
north to south and follows the longitudinal axis of the 
river channel. Water-level altitudes range from about 
3,900 ft near the northern boundary of the monument to 
about 2,000 ft near the southern boundary. 


Ground-Water Quality 


Water-quality data supplied by the BLM included 
measured discharge and field-measured water 
properties—specific conductance, dissolved solids, 
pH, dissolved oxygen, turbidity, and temperature—for 
19 springs (table 2). No clear correlation was evident 
between measured values and spring location. No water- 
quality data were available for springs inventoried in the 
USGS GWSI database. 


Water-quality data were available for 22 of the 
88 wells identified in the Agua Fria National Monument 
study area. These data consisted of specific-conductance 
values and fluoride concentrations. For these 22 wells, 
specific-conductance values ranged from 490 to 
3,380 uS/cm, and fluoride concentrations ranged from 
0.3 to 14.0 mg/L. 

Water-quality data were available for one well 
within the monument. A list of these data is provided in 
appendix 2 of this report. 
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Figure 4. Locations of springs in the Agua Fria National Monument area, central Arizona. 
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Table 1. Springs in the Agua Fria National Monument study area, central Arizona 


[Data from Bureau of Land Management and U.S. Geological Survey databases | 








Name Latitude/longitude Latitude/longitude 





| Name 








From Bureau of Land Management database 





Little Spring 
Dutch Spring 
Charlie’s Spring 
Granite Spring 
26 Spring 
Sheep Spring 
Coyote Spring 
Silly Seep 
Skunk Spring 
Unnamed Spring 
Mine Spring 


Frog Spring 





34°21'08.3°/112°0524.2” 
34°21'08.4/112°00'19.9” 
34°20'023" (112"0230.0; 
34°19'03.2”/112°03'12.6” 
34° 1753:37/112-0038.9" 
34°18'00.777/112°02'20.0” 
34°18'00.3°7112°02'48.3” 
34° 1S 1Si5 1112, 02 51-80 
34°18'02.7°/112°03'40.8” 
34°17'18.8°/112°04'50.9” 
34°17'23.4/112°03'54.3” 
34°97 11.57/112°03:40.9~ 








Silver Creek Spring 
Jones Spring 

Sombrero Canyon Spring 
Cross S Spring 

Long Gulch Spring 
Badger Spring 

Lousy Spring and Canyon 
Larry Canyon Spring 
Dripping Spring 
Unnamed Spring #323 
Unnamed Spring #346 


Bear Creek Spring 





34°15 15 LL I2°O1' 46.27 
BAIS Le REL o 21 
34°17'53.6°/111°59'45.3” 
BA LISD PISO So. 
SANG 277 TIL 590982 
947 13'50.3 F112 0653.73 
34°09'09.877/112°04'27.2” 
34°08'2 Vly 12°0331.2" 
34°1837,0 7112" 111920" 
34°07'25.47/112°08'14.3” 
34°07 23.2 (112508 23.25, 
54° 0624-3 72°07'26.97 





From U.S. Geological Survey database 





Brown Spring 


Bumble Bee Spring 





34°23'00"7/112°00'S50” 
34°11'35"/112°09'25” 


















Unnamed Spring 


Badger Spring 


34°23'257/112°13'45” 
34° 16'05’7/1 12°06'40” 











Ground Water 
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— 2,100 — Potentiometric contour—Shows 
the altitude at which the water 
level would have stood in a tightly 
cased well, 2003, in feet above 
NGVD of 1929. Contour interval 
100 feet 


<¢———_ Direction of ground-water move- 
ment 


O Well with available water-level data 





ae 


Base from U.S. Geological Survey 0 4 MILES 
digital data, 1:100,000, 1982 


Universal Transverse Mercator 
projection, Zone 12 


0 4 KILOMETERS 


Figure 5. Potentiometric surface, 2003, Agua Fria National Monument area, central Arizona. 
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Table 2. Field-measured water properties and discharge data from the Bureau of Land Management for springs in the Agua Fria National 


Monument study area, central Arizona 


{uS/em, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; 








GPM, gallons per minute; ---, not reported] 
Specific 
conductance 

Name Sampling date(s) —(S/cm) pH 
Little Spring 09/---/1985 --- --- 
Charlie's Spring 09/28/1993 470 ES. 
Granite Spring 09/29/1993 920 Tike 
26 Spring 09/13/1993 540 TAS) 
Sheep Spring 09/---/1993 --- --- 
Coyote Spring 09/16/1993 740 teal 
Silly Seep 09/16/1993 470 7.8 
Skunk Spring 09/16/1993 710 ded 
Unnamed Spring --- --- --- 
Mine Spring 09/02/1993 1,000 7.4 
Frog Spring 09/02/1993 1,280 aes) 
Silver Creek Spring 08/---/1993 540 7.6 
Jones Spring 09/13/1993 170 8.7 
Sombrero Canyon Spring —_ 09/09/1993 550 Tez 
Badger Spring 04/09/1998 1,270 7.8 
Lousy Spring 09/24/1992- 1557 18.0 

10/24/1995 
Larry Canyon Spring --- er aa: 
Dripping Spring 09/3/1992— 1452 “12 
05/21/1998 


Bear Creek Spring === = ae 











Dissolved 
Dissolved oxygen Dissolved 
Temperature Turbidity oxygen (percent solids Discharge 

(°C) (NTU) (mg/L) saturation) (ppm) (GPM) 

Su £4 Bes soe --- 1 

19 --- --- --- --- 3 

18 ae a --- --- 15 

OF see ae --- --- IP) 

See ae a = --- an 

19 --- --- --- --- 6 

18 = 3 --- --- Seep 

25 Pe eae aoe === 319 

Ses ms sus ee --- Seep 

20 =a — 4 --- oS 

28 os wet ze = 4 

23 Bee ore --- == 1.8 

29 Bes ce oo --- Pool 

pA _ = --- --- 4.5 

15 mea ree ae: 1.8 

22 0.88500 27.1 189.9 1368 | 24 

ae ane ae aoe --- Ste) if 

19 ME 15.8 ETO 130] Ol 





'Denotes average of measured values. 


Surface Water 


Stream Descriptions and Monitoring 


Brown and others (1981) classified as perennial 
several reaches of the Agua Fria River and identified 
perennial reaches in tributaries of the Agua Fria River 
within and near the monument boundaries (Ash Creek, 
Little Ash Creek, Big Bug Creek, Little Sycamore Creek, 
Sycamore Creek, Indian Creek, and Silver Creek; fig. 6 
and table 3). It is not known how the perennial reaches 
were delineated. More recent data by the Arizona Game 








and Fish Department (Valencia and others, 1993; Wahl 
and others, 1997) provided reclassification of several 
reaches of the Agua Fria River and its tributaries. GIS 
covers for these reclassified areas were not available 
during this study. 


Within the monument, the Agua Fria River flows 
generally north to south, traversing almost the entire 
23-mile length of the monument. The river is perennial in 
the northern part of the monument. Further downstream, 
however, streamflow is intermittent. Several tributary 
streams join the river within the monument; most of these 
drain the eastern part of the monument (fig. 6). 
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Base from U.S. Geological Survey ; 0 4 MILES 


digital data, 1:100,000, 1982 : ‘ : 
Universal Transverse Mercator NOTE: Perennial reaches pa 1 
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Figure 6. Agua Fria River and major tributaries in the Agua Fria National Monument study area, central Arizona. 
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Table 3. Lengths of perennial reaches of the Agua Fria River and 
tributaries of the Agua Fria River, Agua Fria National Monument 
study area, central Arizona 


[Modified from Brown and others, 1981] 











Name Length (miles) 
Agua Fria River 6.2 
Ash Creek 8.1 
Little Ash Creek ys) 
Little Sycamore Creek 1.1 
Sycamore Creek 4S) 
Big Bug Creek 2.4 
Indian Creek 2.4 
Silver Creek 4.2 





Streamflow in the Agua Fria River near the 
monument is monitored by the USGS at two streamflow- 
gaging stations (fig. 6 and table 4). One station is within 
the monument near the northern boundary and the other 
is about 8.3 mi downstream from the southern boundary 
(not shown on figures). The upstream station (Agua Fria 
River near Mayer, Arizona, 09512500) is at the 
Sycamore damsite about 0.18 mi downstream from 
the mouth of Big Bug Creek and has been in operation 
since 1940. 


Table 4. U.S. Geological Survey streamflow-gaging stations on 
the Agua Fria River in the Agua Fria National Monument study area, 
central Arizona 





Station Drainagearea Period of 
Station name number (square miles) record 
Agua Fria River near 09512500 585 1940-2004 
Mayer, Arizona 
Agua Fria River near 09512800 De 1970-2004 


Rock Springs, Arizona 





Streamflow measured at Agua Fria near Mayer 
represents drainage from an area of 585 mi? that includes 
flow from tributaries Ash, Little Ash, Dry, Sycamore, 
and Big Bug Creeks. The downstream station (Agua Fria 
River near Rock Springs, Arizona, 09512800) is 2.5 mi 
southwest of Rock Springs, Arizona, and has been in 
operation since January 1970. Streamflow measured at 
this site represents base flow and runoff from a drainage 
area of 1,111 mi? that includes outflow from tributaries 
Indian Creek, Silver Creek, Bishop Creek, Antelope 
Creek, Badger Spring Wash, Lousy Canyon, Larry 
Creek, and Black Canyon Creek. Data for these two 
stations are available online at http://waterdata.usgs.gov/ 


az/nwis/. 
iN 


Additional surface-water data were obtained from 
USGS NWIS database records, from BLM surface-water 
monitoring records, and from data collected by USGS 
staff during a seepage study conducted in May 2002. 

The USGS NWIS database contained records for 
six sites on the Agua Fria River within and near the 
monument boundaries for which either water-quality 
or streamflow data were available (fig. 7 and table 5). 
The two sites outside the monument are Agua Fria River 
above Arcosanti and Agua Fria River above Sycamore 
Creek. The four sites within the monument are Agua Fria 
River below Sycamore Creek; Agua Fria River near 
Mayer, Arizona; Agua Fria River near Bloody Basin 
Road; and Agua Fria River below Bloody Basin Road at 
Horseshoe Ranch. 

Streamflow and field properties were measured at 
main-stem and tributary sites by BLM staff between 
June 1992 and November 1998 (fig. 7 and table 6). 
Measurements were made at 16 sites within and near the 
boundaries of the monument including 3 sites along the 
Agua Fria River and 13 sites along tributaries within and 
near the monument. Field properties included specific 
conductance, dissolved solids, pH, dissolved oxygen, 
and turbidity. 

In May 2002, a seepage study was conducted to 
measure streamflow, specific conductance, and 
temperature along the Agua Fria River at 14 sites within 
and near the monument (fig. 7 and table 7). During this 
study, almost the entire length of the river within the 


monument was traversed. Measurements were made 


using standard USGS procedures (Rantz and others, 
1982; Wilde and Radtke, 1998). i 


j 
= | 


¥ 


Streamflow Characteristics | 


Streamflow in the Agua Fria River within the 
monument varies by season. Snowmelt runoff and 
rainfall contribute to high streamflows during the 
winter and early spring, respectively. Streamflow is 
also high in late summer as a result of runoff from 
monsoonal storms. Streamflow is low in May, June, 
October, and November (figs. 8, 9, 10, and 11) when 
precipitation typically is significantly less than at 
other times of the year. 

Winter rains (those during November—March) have 
a significant effect on streamflow (figs. 8 and 10). 
Although the mean monthly rainfall is higher during the 
summer monsoon season, diminished evapotranspiration 
demands and elevated antecedent soil-moisture 
conditions during the winter provide greater opportunity 
for runoff. Additionally, winter storms tend to cover 
large areas. 
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Figure 7. Surface-water sites in the Agua Fria National Monument study area, central Arizona, at which data were 
collected by the U.S. Geological Survey or the Bureau of Land Management, 1980-2002. 





Table 5. 





16 Hydrologic Characteristics of the Agua Fria National Monument, Central Arizona, Reconnaissance Study 








Site name 





Agua Fria River above Arcosanti 


Site identifier 





Agua Fria River above Sycamore Creek 


Agua Fria River below Sycamore Creek 


Agua Fria River near Mayer, Arizona 


Agua Fria River near Bloody Basin Road 


Agua Fria River below Bloody Basin Road 


at Horseshoe Ranch 





USGSI1 
USGS2 
USGS3 


USGS4 
(09512500) 


USGS5 
USGS6 











Latitude/longitude 
34°21'05’/112°06'08” 
34°19'29”/112°04'10” 
34°19'25"/112°04'17” 
34°18'55’7/112°03'48” 


34°15'43"7/1 12°04'39” 
34°15'28"/112°03'46” 


Number of 
records 


Surface-water sites on the Agua Fria River in the Agua Fria National Monument study area, central Arizona, for which records were 
available in the U.S. Geological Survey National Water Information System, 2003 





Date of record(s) 


11/23/1980 
11/24/1980, 06/04/1981 
11/24/1980, 06/04/1981 
11/25/1980, 05/22/1996 


05/21/1996 
12/12/1980 





Table 6. Surface-water sites in the Agua Fria National Monument study area, central Arizona, at which streamflow and field properties were 
measured by Bureau of Land Management staff, June 1992 to November 1998 





Period of records 





10/06/1992 to 11/04/1998 
09/05/1992 to 10/03/1995 
10/05/1992 to 10/03/1995 
10/05/1992 to 11/04/1998 
08/19/1992 to 10/25/1995 
09/25/1992 to 10/04/1995 
06/25/1992 to 11/04/1998 
09/30/1994 to 04/14/1998 
09/14/1992 to 10/27/1994 
06/25/1992 to 10/09/1998 
10/05/1992 to 11/13/1998 
12/17/1992 to 06/22/1995 
12/17/1992 
03/01/1992 to 10/08/1998 
03/19/1993 to 10/20/1998 
03/13/1992 to 02/03/1993 








Site name 





AFI 
JN) 
Me 
AF4 
AF5 
AF6 
AF7 
AF8 
AF9 
AFI10 
APILI 
AF12 
AFI13 
AF14 





conductance, and temperature were measured during the seepage study in May 2002 


Location Site identifier Latitude/longitude Number of records 
Dry Creek D1 3422029") L122 20352" 13 
Ash Creek AAI 34°21'477/112°04'47” 21 
Little Ash Creek LA1 3426; 2035 0s 12 
Little Ash Creek LA2 34°21'267/112° 03/95" 13 
Sycamore Creek SCl 34°20'417/112°01'00” 8 
Agua Fria River A2 34°18'597/112703 59" pif 
Big Bug Creek BBI 34°18 320/112" 03'S4" pai 
Antelope Creek ANI 34°18'007/112°09'27” 8 
Indian Creek Il 34°17'43"°/112°O1'11” 9 
Agua Fria River A3 34°15'2877/112°03'44” 20 
Silver Creek Sl 34° 15'29 VA2700 527 12 
Larry Creek Tributary LR 34°08'217/112°03'3 1" 9 
Larry Creek LR2 34°08'05”/112°04'01” l 
Agua Fria River AS 34°03'09"/1 12°09'47” 49 
Black Canyon Creek BCC) 34°08'23"/112°10'10” 29 
Black Canyon Creek BCCZ 34°05'417/112°09'10” Ne 
Table 7. Surface-water sites on the Agua Fria River in the Agua Fria National Monument, central Arizona, at which streamflow, specific 





Latitude/longitude Date 
34°19'30"/112°04'20” 05/20/2002 
34°19'02”/112°04'18” 05/20/2002 
34°11 8'42 /11 2°03 227 05/20/2002 
34°18'107/112°03'19" 05/21/2002 
34°17 17 11220320" 05/21/2002 
34-1650 7112703 15% 05/20/2002 
34°16'287/112°03'30” 05/20/2002 
34°15'58°/1 12°03'36” 05/20/2002 
34°15'28"/112°03'41” 05/20/2002 
34°14'48"7/112°03'41” 05/21/2002 
34°14'24/112°04'27” 05/21/2002 
34°13'5S8°7/112°04'06” 05/22/2002 
34°13'287/112°05 057 05/22/2002 
S413 S/W 05:20) 05/22/2002 
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Figure 9. Mean daily streamflow at Agua Fria River near Mayer, 


Arizona, 1940-2002. 
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Figure 8. Mean monthly streamflow at Agua Fria River near 


Mayer, Arizona, 1940-2002. 


Mean daily streamflow at Agua Fria River near Rock 


Springs, Arizona, 1970-2002. 


Figure 11. 


Figure 10. Mean monthly streamflow at Agua Fria River near 


Rock Springs, Arizona, 1970-2002. 
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Monsoonal storms during the summer tend to 
develop rapidly and can be intense, but generally are 
localized and short lived. Consequently, runoff from 
these storms can be significant and cause rapid increases 
in streamflow. This is particularly true in areas where 
the alluvium is thin and depth to bedrock is shallow. 
There are several reaches of the Agua Fria River where 
the river canyon is narrow and deeply incised and the 
alluvium is thin or absent. 


Records were obtained for four precipitation gages 
near the monument (table 8 and figs. 1 and 12). Records 
for two of these gages, Cordes and Crown King, were 
obtained from the Western Regional Climate Center 
Desert Research Institute (2004). 


Table 8. Precipitation gages in the Agua Fria National Monument 
study area, central Arizona 


[Altitude data from Barnett and others, 2003] 








Mean annual 
Station name Altitude Period _ precipitation 
(number) (feet) of record (inches) 

Cordes (022109) 3,770 1948-2003 15.03 
Crown King (022329) !+75,920-6,000 1914-1995 28.47 
Bumble Bee 2,500 1954-1979 15.79 
Dugas 2SE !.24.000-4,040 1920-1972 17.23 
TStation location changed during period of record; beginning and 


ending altitudes given. 
*Station location outside of study area. 


_ Bumble Bee 
B Dugas 2SE 


© Crown King 
- Cordes 
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Records for the other two gages, Bumble Bee and 
Dugas 2SE, were obtained from the University of 
Arizona Institute of Atmospheric Physics (2004). 
Although none of these gages are within the monument, 
data from the Cordes, Bumble Bee, and Dugas 2SE gages 
likely are representative of precipitation within the 
monument owing to their locations and altitudes. 
Precipitation measured at the Crown King gage likely is 
greater than what would be measured within the 
monument because the gage is at a higher altitude than 
the monument. 


Daily, monthly, and annual streamflow data, and 
streamflow statistics for Agua Fria River near Mayer and 
Agua Fria River near Rock Springs have been 
summarized in the annual Water Data Report for Arizona 
(such as Smith and others, 1997). Pope and others (1998) 
computed statistical summaries of streamflow at USGS 
stations in Arizona, including the two Agua Fria River 
stations. Data presented in this section are derived 
primarily from Pope and others (1998). 


The highest measured streamflow at Agua Fria 
River near Mayer between 1940 and 2002 was 33,100 
ft?/s on February 19, 1980 (fig. 13). This flow has a 
recurrence interval of between 50 and 100 years. 


The maximum annual mean flow was 143 ft?/s (1993) 
and the minimum was 1.35 ft?/s (1962; fig. 14). 









ea 
cori 


SINS 


a 

a é “3 
a a 3 5 ; 
- is a Pe 
a i eA be 


JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 


Figure 12, Mean monthly precipitation at gages near the Agua Fria National Monument area, central Arizona. 
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Figure 13. Annual peak streamflow at Agua Fria River near Mayer, Arizona, 1940-2002. 
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Figure 14. Annual mean streamflow at Agua Fria River near Mayer, Arizona, 1940-2001. 


Between 1970 and 2002, the highest streamflow 
recorded at Agua Fria River near Rock Springs was 
59,500 ft?/s on February 19, 1980 (fig. 15). A peak 
flow of 85,000 ft?/s was measured in 1920 before 
systematic recording began. These peak flows have 
recurrence intervals of between 10 and 25 years. The 
maximum annual mean flow at this site was 498 ft?/s 


(1993), and the minimum was 2.11 ft*/s (1975; fig. 16). 
Because streamflow measured at the Rock Springs 
station is derived from a larger drainage area, high 
flows measured at Agua Fria River near Rock Springs 
are higher than those measured at Agua Fria River 

near Mayer and are likely higher than those within 

the monument. 
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Figure 15. Annual peak streamflow at Agua Fria River near Rock Springs, Arizona, 1920-2002. 
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Figure 16. Annual mean streamflow at Agua Fria River near Rock Springs, Arizona, 1971-2001. 
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The maximum and minimum mean monthly 
streamflows at Agua Fria River near Mayer occur in 
February (60.4 ft?/s) and June (2.57 ft?/s), respectively 
(fig. 8). The maximum and minimum mean daily flows 
occur on February 20 (242 ft/s) and July 4 (1.03 ft?/s), 
respectively (fig. 9). Daily mean flow-duration data for 
this site indicate that for 50 percent of the time, flow 
equaled or exceeded 2.2 ft?/s (table 9). Prior to 1978, 
low and negligible flows at this streamflow-gaging i 
station were affected by diversions to a canal. This canal 
has been inoperative since 1977, and water is no longer. 
being diverted. 


Table 9. Duration of mean daily flow, Agua Fria River near Mayer, 


Arizona, 1941-96 


[Data from Pope and others, 1998. Streamflow, in cubic feet per second, 
which was equaled or exceeded for indicated percentage of time] 
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The maximum and minimum mean monthly 
streamflows at Agua Fria River near Rock Springs occur 
in February (309 ft?/s) and June (4.34 ft?/s), respectively 
(fig. 10). The maximum and minimum mean daily flows 
occur on March 1 (1,211 ft?/s) and July 6 (1.61 ft?/s), 
respectively (fig. 11). Daily mean flow-duration data for 
this site indicate that for 50 percent of the time, flow 
equaled or exceeded 3.5 ft?/s (table 10). 
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Table 10. Duration of daily mean flow, Agua Fria River near Rock 
Springs, Arizona, 1971-73 and 1976—96 


[Data from Pope and others, 1998. Streamflow, in cubic feet per second, 
which was equaled or exceeded for indicated percentage of time] 











Streamflow Percent of time 
1,168 1 
309 5 
127 10 
61 15 
34 20 
1S 30 
6.3 40 
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ee) 70 
0.80 80 
0.32 90 
0.08 BS 
0.00 98 
0.00 99 
0.00 99.5 
0.00 ee 








For Agua Fria River near Mayer and Agua Fria River 
near Rock Springs, there is a 50-percent chance that the 
highest average streamflow in a continuous 30-day | 
interval during=a2=year-pertod will be greater than or 
equal to 84 ft?/s and 219 ft*/s, respectively (tables 11 and 
12). There is a 50-percent chance that the lowest average | 
flow in a continuous 30-day interval during=a2=year 


—pertod at these sites will be less than or equal to 0.42 ft/s 


and 0.97 ft?/s, respectively (tables 13 and 14). 


Streamflow data were available for four of the 
six surface-water sites in the USGS NWIS: Agua Fria 
River above Arcosanti, Agua Fria River below Sycamore 
Creek, Agua Fria River below Bloody Basin Road at 
Horseshoe Ranch, and Agua Fria River near Mayer, 
(fig. 7 and table 15). Data for these sites indicate that flow 
increases along the reach of the river that extends from 
Arcosanti to below Sycamore Creek. 


Streamflow was measured by BLM staff between 
June 1992 and November 1998 at 16 main-stem and 
tributary sites within and near the monument (fig. 7). 
Hydrographs and a listing of the streamflow 
measurements are given in appendix 3. 








22 Hydrologic Characteristics of the Agua Fria National Monument, Central Arizona, Reconnaissance Study 


Table 11. Magnitude and probability of high flow, Agua Fria River near Mayer, Arizona, 1941-96 


[Data from Pope and others, 1998] 








Streamflow, in cubic feet per second, for indicated recurrence interval, in years 
(won-exceedance probability, in percent) 














Period 2 years 5 years 10 years 25 years 50 years 100 years 
(consecutive days) (50 percent) (20 percent) (10 percent) (4 percent) (2 percent) (1 percent) 

] 817 2,020 3,830 6,970 10,300 14,800 

3 399 1,090 1,880 3,460 5,170 7,490 

+ yAt) 603 1,040 1,880 DT IUEE 3,940 

13 130 SBS) 603 1,080 1,580 2,250 

30 84 224 375 652 932 1,290 

60 Bie) 144 243 425 611 847 

90 38 103 174 306 443 619 








Table 12. Magnitude and probability of high flow, Agua Fria River near Rock Springs, Arizona, 1971—73 and 1976-96 


[Data from Pope and others, 1998] 





Streamflow, in cubic feet per second, for indicated recurrence interval, in years 
(neri-exceedance probability, in percent) 


a eS 








Period 2 years 5 years 10 years 25 years 50 years 100 years 
(consecutive days) (50 percent) (20 percent) (10 percent) (4 percent) (2 percent) (1 percent) 
i 1,860 8,200 18,100 42,900 75,400 126,000 
3 957 4,390 9,760 22,900 39,900 65,600 
594 2,610 5,290 12,400 20,800 32,800 
5 347 1,540 3,300 7,410 12,400 19,700 
30 219 943 2,000 4,450 7,410 11,700 
60 145 623 1,330 2,980 5,020 8,020 
90 108 456 959 2110 coal) 53530 








Table 13. Magnitude and probability of low flow, Agua Fria River near Mayer, Arizona, 1941—96 


[Data from Pope and others, 1998] 








Streamflow, in cubic feet per second, for indicated recurrence interval, in years 
(non-exceedance probability, in percent) 

















Period 2 years 5 years 10 years 20 years 50 years 100 years 
(consecutive days) (50 percent) (20 percent) (10 percent) (5 percent) (2 percent) (1 percent) 

l 0.24 0.10 0.06 0.00 0.00 0.00 

Des .10 .06 OO 00 OO 

7 eal aul .06 00 00 OO 

15 2 12 07 00 00 00 

30 42 a7 .10 OO OO 00 

60 65 LD 2 07 04 O2 

90 1.00 34 18 10 05 03 

120 2.00 14 39 sae 10 .06 


183 4.50 we 92 ie ad aa) 
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Table 14. Magnitude and probability of low flow, Agua Fria River near Rock Springs, Arizona, 1971-73 and 1976-96 


[Data from Pope and others, 1998] 








Streamflow, in cubic feet per second, for indicated recurrence interval, in years 
(non-exceedance probability, in percent) 

















Period 2 years 5 years 10 years 20 years 50 years 100 years 
(consecutive days) (50 percent) (20 percent) (10 percent) (5 percent) (2 percent) (1 percent) 
1 0.60 0.00 0.00 0.00 0.00 0.00 
3) .63 OO OO OO OO, OO 
I .68 OO OO OO OO OO 
15 14 OO OO OO .0O OO 
30 Oy OO OO OO OO OO 
60 1.30 14 .0O 00 OO OO 
90 LEO 40 13 .O2 OO OO 
120 3.00 87 Bi AVY .06 03 
183 5.10 1.8 95 > 29 19 





Table 15. Streamflow data from sites on the Agua Fria River in the Agua Fria National Monument study area, central Arizona, that were 
retrieved from the U.S. Geological Survey National Water Information System, 2002 








Streamflow 
Site name Site identifier (cubic feet per second) Date 
Agua Fria River above Arcosanti aw USGS1 1.2 11/23/1980 
Agua Fria River below Sycamore Creek oe USGS3 3.8, 11/24/1980, 
IAN'S 1.2 06/04/1981 
Agua Fria River near Mayer, Arizona tt i a an oO USGS4 4.9 11/25/1980 
SAL coy § (09512500) 
Agua Fria River below Bloody Basin Road at Horseshoe Ranch USGS6 6.5 12/12/1980 





Streamflow measured during a seepage study in 
May 2002 was spatially variable but generally decreased 
from site AF2 to site AF14 (table 16 and figs. 7 and 17). 
During the seepage study, the river did not flow beyond 
AF 14. It is assumed that the flow data represent base flow 


(ground-water discharge) because measurements were )~ 


made following an unusually dry winter and spring. 


Surface-Water Quality 


Surface-water quality data for sites within and near 
the monument (tables 17-19) were obtained from USGS 
NWIS records, BLM records, and from measurements 
made during a seepage study in May 2002. USGS NWIS 
records contain stream-property and chemical- 
constituent data. Stream-property data derived from 
BLM monitoring consist of specific-conductance, 
dissolved-solids, pH, dissolved-oxygen, and turbidity 
values. Data from the seepage study in May 2002 include 
specific conductance and temperature. 


Table 16. Streamflow of Agua Fria River at the seepage study 
sites, Agua Fria National Monument, central Arizona, May 2002 





Latitude/longitude 








Site name (cubic feet per second) Streamflow 
AFI 34°19'307/112°04'20” 0.39 
AF2 34°19'02”/112°04'18” 1.00 
AF3 34°18'42”/112°03'22” 0.72 
AF4 34°18'10”/112°03'19” 0.45 
AF5 B41 T8203 20" O37 
AF6 94-16 50/112 70315" 0.22 
AF7 34°16'28”/112°03'30” 0.06 
AF8 34°15'58”/112°03'36” 0.09 
AF9 34°15'28"/112°03'41” 0.01 
AF10 34°14'48"/112°03'41” 0.14 
AFI1 34°14'24”/112°04'27” 0.31 
AF12 34°13'58"/112°04'06” 0.27 
AF13 34°13'287/112°05'05” 0.04 
AF14 34°13'18”/112°05'20” 0.03 
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Figure 17. Streamflow of the Agua Fria River at the seepage study 
sites, Agua Fria National Monument, central Arizona, May 2002. 





Table 17. Specific-conductance, pH, and selected cation concentration data for sites on the Agua Fria River in the Agua Fria National 
Monument study area, central Arizona, that were retrieved from the U.S. Geological Survey National Water Information System, 2002 








[uS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter; ---, not reported] 
Specific 
conductance Calcium Magnesium Sodium Potassium 
Site name (uS/cm at 25°C) pH (mg/L) (mg/L) (mg/L) (mg/L) 

Agua Fria River above Arcosanti E210) 8.5 120 43 69 1.6 
Agua Fria River above Sycamore Creek 974, 1,080 8.2, 8.1 --- --- --- see 
Agua Fria River below Sycamore Creek 858, 994 8.25, 00k --- --- --- --- 
Agua Fria River near Mayer, Arizona 885 8.6 78 50 47 Pes) 


Agua Fria River near Bloody Basin Road --- — _ Be we oe 


Agua Fria River below Bloody Basin Road --- 8.8 76 36 51 pe 
at Horseshoe Ranch 
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Table 18. Average stream-property values at sites in the Agua Fria National Monument study area, central Arizona, measured by Bureau of 
Land Management staff, June 1992 to November 1998 





[uS/cm, microsiemens per centimeter; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ---, not reported] 
Dissolved 
Specific Dissolved oxygen Dissolved 
conductance Turbidity oxygen (percent solids 

Location Site identifier (uS/cm) pH (NTU) (mg/L) saturation) (ppm) 
ioe rn Minnis tpeass) Shy eT iy TRF) | P 90S op se2. 
Ash Creek AAI 661 8.1 Sol 76 92.1 438 
Little Ash Creek LAI 480 8.3 1.4 8.6 93.3 318 
Little Ash Creek LA2 510 8.3 I 8.2 90.4 338 
Sycamore Creek SCl 478 8.4 Zh 8.4 O52 318 
Agua Fria River A2 yoo 8.3 34.1 8.3 D525 536 
Big Bug Creek BBI 133 8.3 2.1 8.9 ek) 490 
Antelope Creek AN1 793 8.2 3 7.6 86.0 SPD? 
Indian Creek Il 670 dips) 4 8.6 O70 446 
Agua Fria River A3 ZZ 8.1 22.6 vee 88.0 481 
Silver Creek SI 613 8.3 1.0 8.4 96.4 405 
Larry Creek Tributary LR1 596 8.1 74 Wed 86.2 395 
Larry Creek ERZ TIS 8.6 45 10.6 102.0 530 
Agua Fria River AS 623 8.2 24.2 eal 91:5 411 
Black Canyon Creek BCC 776 8.4 1.8 8.3 O75 528 
Black Canyon Creek BEC2 283 8.3 --- 10.0 102.0 18] 


Table 19. Specific-conductance and temperature data for the seepage study sites along the Agua Fria River, Agua Fria National Monument, 
central Arizona, May 2002 

















[uS/cm, microsiemens per centimeter; °C, degrees Celsius; ---, not reported] 
Specific conductance 
Site name Latitude/longitude (pS/cm at 25°C) Temperature (°C) 
AF1 34°19'30"/112°04'20” 895 ee 
AF2 34°19'02”7/112°04'18” 816 26.0 
AF3 34°18'42”/112°03'22” --- 26.0 
AF4 34°18) 107/112°03'19" 892 17.0 
AF5 3421 7177/1 12°03 20” 891 20.0 
AF6 34°16'907/112°03'15” 959 24.6 
AF7 34°16'287/112°03'30” 1037, 26.4 
AF8 34 715'987/112°03'367 945 24.7 
AF9 34°15'287/112°03'41” 944 OE) 
AF10 34°14'48"/112°03'41” 1,005 28.0 
AF11 34°14'24’/112°04'27” 958 24.0 
AF12 34°13'58"/112°04'06” 943 18.7 
AF13 34°13'28'/112°05'05" 905 20.0 


AF14 34°13'18/112°05'20” 908 220 
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The Arizona Department of Environmental Quality 
(ADEQ) assigns specific designated uses to reaches of 
major streams in Arizona (State of Arizona, 1996). 
Within the monument, designated uses for the Agua Fria 
River are domestic water use, full body contact, aquatic 
and wildlife (warm water fishery), fish consumption, 
agricultural irrigation, and agricultural livestock 
watering. Several tributaries, including Little Ash Creek, 
Sycamore Creek, Big Bug Creek, Antelope Creek, and 
Black Canyon Creek, have similar designations. Water- 
- quality standards for each stream property (for example: 
pH, turbidity, and dissolved-oxygen concentration) and 
certain chemical constituents vary by designated use. 

Water-quality data for the six sites that were 
identified from USGS NWIS queries included values 
for specific conductance, pH, and selected cation 
concentrations (calcium, magnesium, sodium, and 
potassium; table 17). The reported pH values are within 
the State of Arizona water-quality standards for the 
designated uses. Specific-conductance values decrease in 
the downstream direction. 

Average values of stream properties for tributary 
and main-stem BLM monitoring sites did not exceed the 
State of Arizona water-quality standards for aquatic and 
wildlife (warm water fishery) use (table 18). In a few 
instances, however, discrete values exceeded these 
standards. Dissolved-oxygen concentrations did not 
meet the standard (minimum 6.0 mg/L and percent 
saturation less than 90 percent) one or more times at LA2 
(Little Ash Creek), A3 (Agua Fria River), and BCC1 
(Black Canyon Creek). The pH exceeded the maximum 
allowable value (9.0) on two occasions at A5 on the 
Agua Fria River (appendix 3). Average specific- 
conductance values for the Agua Fria River decreased in 
the downstream direction. No other consistent trends, 
however, were noted in the other analyses. 

Specific-conductance values obtained during the 


seepage study in May 2002 (table 19) are consistent with 


those from the USGS NWIS and the BLM monitoring 
data sets. No consistent trend is noted with respect to 
sampling location. 


Ground-Water/Surface-Water 
Interaction 


The duration and magnitude of streamflow within 
the monument are influenced by streamflow at the 
northern boundary of the monument, tributary inflows 
within the monument, hydraulic connection with the 
subsurface water-bearing zones, precipitation, and 


= 


a] 


vegetation. On the basis of field observations, inflows ~~ 


to the river from tributaries areephemeral, and the 


frequency and magnitude of these flows likely reflect the _ 


seasonal distribution of precipitation. The degree of 
bedrock fracturing and the occurrence and distribution of 
alluvium within the river canyon influence the efficacy 
of hydraulic connection with subsurface water-bearing 
zones. Tributary streamflow to the river and recharge to 
the subsurface occur as concentrated runoff and direct 
infiltration of precipitation. The amount of recharge 
represents some fraction of annual precipitation. 


Inflows to the monument include streamflow and 
ground-water inflow at the northern boundary, 


ephemeral streamflow from tributary canyons in 


response to precipitation, and ground-water underflow 
from alluvium in tributary canyons. Outflows from the 
monument include streamflow and ground-water 
underflow at the southern boundary, ground-water 
pumpage, and evapotranspiration from riparian 
vegetation. Anning and Duet (1994) reported that annual 
ground-water withdrawals in the Agua Fria Basin for 
1987-90 ranged from 3,000 to 9,000 acre-ft. (WJn.e 8 


\ 


Field observations of the Agua Fria River canyon in U“~ 


the monument indicate that the fiver is most likely to be 
perennial where bedrock is at shallow depths below the 
river or constricts the canyon, because streamflow losses 
to infiltration in these areas are small. This tendency is 
moderated by the presence of riparian vegetation, which 
could reduce streamflow when evaportanspiration rates 
are high. The extent to which surface-water diversions 
or ground-water pumping influences streamflow is 


unknown. QO 


Alluvial deposits within the river channel vary in | 
composition and are discontinuous. In areas where 
streamflow tends to diminish or cease altogether, 
sediments generally are highly permeable, well sorted, 
angular to subangular, medium- to coarse-grained sand. 
The sediments appear to have derived from the 
surrounding outcrops, but much of the material could 
have been transported from sources upstream. 


On the basis of observed flow during and following 
one of the driest years on record, only the most upstream 
portion of the river within the monument (closest to the 
northern boundary) appears to be perennial, and 
downstream reaches appear to be intermittent. Flow 
duration in downstream reaches 1s likely controlled by 
precipitation within the drainage area and by the 
lithology of surface and subsurface rocks in the drainage 
area, the geometry of the river channel, and the thickness 
of alluvial sediments underlying and adjacent to the 
channel. During a site visit in May 2002, streamflow 






































was continuous from a point upstream from the northern 
boundary of the monument to below the USGS 
streamflow-gaging station near Mayer, Arizona. 


Downstream from this point, however, streamflow 


became intermittent as a function of downstream position 


and was altogether absent about 0.6 mi upstream from the 


well that supplies water for a rest area on Interstate 17. 


Considerations for Further Study 


Currently (2004) available data provide a general 
overview of hydrologic conditions within the monument. 
The likely influence of surface-water/ground-water 
interactions on variations in surface-water conditions 
along the Agua Fria River within the monument suggest 
the need for additional study to better describe the 
hydrogeology of the area. No active studies that involve 
hydrologic data collection within the monument were 
identified. Development of programs for collection of 
geologic, surface-water, ground-water, and water-quality 
data would benefit the BLM efforts to manage the water 
resources in the monument. 


The USGS streamflow-gaging station Agua Fria 
River near Mayer, Arizona, near the northern boundary 
of the monument has been in continuous operation since 
1940 and provides measurements of surface-water inflow 


to the monument. A station near the southern boundary 





would provide measurements of surface-water outflow 





from the monument. 


Additional measurements of streamflow that include 


~ periods of maximum and minimum evapotranspiration 


could be made over a period of several years to aid in 
quantification of water losses due to evaportanspiration. 
These measurements could also be used to help identify 
possible geologic controls that affect streamflow and 
identify losses to other sinks such as ground-water 
pumping. 

A synoptic well and spring inventory could be used 
to gain a better understanding of the current ground-water 
conditions in the monument area. Data obtained from 
such an effort could include not only an inventory of 
wells and springs, but also water levels, water-quality 
information, and spring discharge. These data could 
provide useful baseline information for establishing a 
Federal Reserve water right for the monument. 


» ) Installation and monitoring of piezometers would 
' \provide information about vertical and horizontal head 
gradients adjacent to and beneath the Agua Fria River. 


This information would further aid in identifying areas 
of streamflow gains and losses. Monitoring changes 
in ground-water levels could also provide information 


on consumptive transpiration demands along selected 
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reaches of the river. Additional water-quality samples 
could be collected from the piezometers in these 
transects. 


Surface geophysical surveys could be used to 
determine the geometry of the alluvial aquifer to better 
characterize the important geologic controls affecting |, . 


surface-water/ground-water interactions. Possible 


geophysical survey methods include seismic refraction, 
direct-current electrical resistivity, or electromagnetic 
induction. Results from these surveys could also be used 
to estimate the amount of ground-water flow through the 
study area. 


Summary 


Existing hydrologic and surface-water data collected 
during May 2002 for the reconnaissance study were used 
to characterize the hydrology of the Agua Fria National 
Monument. This information will be used by the BLM to 
help support future water-resource management 
responsibilities, including quantification of a Federal 
Reserve water right within the monument, and to guide 
potential future data-collection programs. 


Currently (2004), few hydrologic and hydrogeologic 
data are available for the monument. The USGS 
streamflow-gaging station near Mayer, Arizona, has been 
in continuous operation since 1940 and provides 
measurements of surface-water inflow to the monument. 
Water-quality data are also available for this site. 
Measurements of streamflow and specific conductance 
were made along the Agua Fria River within the 
monument in May 2002. The data indicate that upstream 
reaches of the river near the northern boundary of the 
monument are perennial, and that streamflow generally 
decreases in the downstream direction as water infiltrates 
the streambed. 


With the exception of a few measurements of 
dissolved oxygen and pH, the surface-water quality data 
collected by the BLM and USGS indicate that values did 
not exceed State of Arizona standards. Few data are 
available, however, for wells and springs in the 
monument. Well-drillers’ logs were generally in good 
agreement with the mapped geology. 


Additional data collection and analysis would 
increase the understanding of hydrologic processes 
within the monument. This could include the construction 
and operation of a streamflow-gaging station near the 
southern boundary of the monument, a synoptic well and 
spring inventory, additional surface-water data 
collection, installation and monitoring of piezometers, 
and surface geophysical surveys. 








28 Hydrologic Characteristics of the Agua Fria National Monument, Central Arizona, Reconnaissance Study 


References Cited 


Anderson C.A., and Blacet, P.M., 1972, Geologic map of the 
Mayer quadrangle, Yavapai County, Arizona: U.S. 
Geological Survey Geologic Quadrangle Map GQ-996, 
scale 1:62,500. 

Anning, D.W., and Duet, N.R., 1994, Summary of ground- 
water conditions in Arizona, 1987-90: U.S. Geological 
Survey Open-File Report 94-476, 2 sheets, 
scale 1:1,000,000. 


Arizona Bureau of Mines, 1958, Geologic map of Yavapai 
County, Arizona: Tucson, Arizona Bureau of Mines, 
University of Arizona, scale 1:375,000. 

Barnett, L.O., Hawkins, R.H., and Guertin, D.P., 2003, 
Reconnaissance watershed and hydrologic analysis on the 
upper Agua Fria watershed: Tucson, School of Renewable 
Natural Resources, University of Arizona, 62 p. 


Brown, D.E., Carmony, N.B., and Turner, R.M., 1981, 
Drainage map of Arizona showing perennial streams and 
some important wetlands: Phoenix, Arizona Game and Fish 
Department, | sheet, scale 1:1,000,000. 


Fenneman, N.M., 1931, Physiography of the Western United 
States: New York, McGraw-Hill, 543 p. 

Halvorson,W., Thomas, K., and Graham, L. 2001, Arizona 
GAP analysis project vegetation map, part of the special 
technical report, the Arizona GAP project final report: 
Tucson, U.S. Geological Survey Sonoran Desert Field 
Station, University of Arizona. 


Leon, Elizabeth, Ferré, T.P.A., 2003, A conceptual model of 
groundwater flow in the upper Agua Fria Watershed, report 
prepared for the Arizona Department of Water Resources, 
accessed January 7, 2004, at http://www.water.az.gov/ 
watershed/content/map/documents/AFconceptmodel.pdf 


Sete 


Littin, G.R., 1981, Maps showing ground-water conditions in 
the Agua Fria areas, Yavapai and Maricopa Counties, 
Arizona—1979: U.S. Geological Survey Water-Resources 
Investigations Report, 81-804, 2 sheets, scale 1:250,000. 


Pope, G.L., Rigas, P.D., and Smith, C.F., 1998, Statistical 

, summaries of streamflow data and characteristics of 

’ drainage basins for selected streamflow-gaging stations in 
Arizona through water year 1996: U.S. Geological Survey 
Water-Resources Investigations Report, 98-4225, 907 p. 


Rantz, S.E., and others, 1982, Measurement and computation 
of streamflow—Volume 1, Measurement of stage and 
discharge: U.S. Geological Survey Water-Supply 
Paper 2175, 248 p. 


Reynolds, S.J., 1988, Geologic map of Arizona: Arizona 
Geologic Survey, Map 26, scale 1:1,000,000. 


Richard, S.M., Reynolds, S.J., Spencer, J.E., and Pearthree, 
P.A., 2000, Geologic map of Arizona: Tucson, Arizona, 
Geological Survey Map M-35, scale 1:1,000,000. 


Sellers, W.D., and Hill, R.H., eds., 1974, Arizona climate 
1931-1972: Tucson, University of Arizona Press, 616 p. 


Smith, C.F., Duet, N.R., Fisk, G.G., McCormack, H.F., Partin, 
C.K., Pope, G.L., and Rigas, P.D., 1997, Water resources 
data for Arizona, water year 1996: U.S. Geological Survey 
Water-Data Report, AZ—96-1, 328 p. 


State of Arizona, 1996, Water quality standards: Phoenix, 
State of Arizona, Arizona Administrative Code, Title 18, 
chap. 11, p. 1-60. 


University of Arizona Institute of Atmospheric Physics, 2003, 
Arizona weather stations on land resource map, Tucson, 
Arizona, accessed March 12, 2004, at http://ag2.calsnet. 
arizona.edu/Weather/azmaps/azmap.html 


Valencia, R.A., Wennerlund, J.A., Winstead, R.A., Woods, S., 
Riley, L., Swanson, E., and Olson, S., 1993, Arizona 
riparian inventory and mapping project: Phoenix, Arizona 
Game and Fish Department, 138 p. 


Wahl, C.R., Boe, S.R., Wennerlund, J.A., Winstead, R.A., 
Allison, L.J., Kubly, D.M., 1997, Remote sensing mapping 

_ of Arizona intermittent stream riparian areas: Phoenix, 
Arizona Game and Fish Department, 58 p. 


Western Regional Climate Center, Desert Research Institute, 
2004, Arizona climate summaries: Reno, Nevada, accessed 
April 15, 2004, at http://www.wrcc.dri.edu/climsum.html 


Wilde, F.D., and Radtke, D.B., eds., 1998, National field (' \ i 
manual for the collection of water-quality data—Field 

’ measurements: U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 9, chap. A6, v.p. 


Wilson, R.P., 1988, Water resources of the northern part of the 
~ Agua Fria area, Yavapai County, Arizona: Phoenix, Arizona 
Department of Water Resources Bulletin 5, 109 p. 





Appendix 1 


Appendix 1 


Summary of drillers’ logs for wells within the Agua Fria National Monument, central Arizona 


[Source: Arizona Department of Water Resources] 


Well number 


(A-11-03)21dba 


(A-11-03)28bbd 


(A-10-02)24acc 


(A-09-03)§ 22 bec 





(A-09-03)19cbe 




















Depth from Depth to 
(feet) (feet) 
0 10 
10 125 

125 135 
135 210 

0 60 
60 210 
0 2 
39 

39 160 
0 8 

8 206 
206 316 
316 85) 
355 395 
395 416 
0 165 
165 470 





Description of formation material 


Sands 

Hard rock and granite 
Granite 

Hard rock and granite 
Sand and river rock 
Granite and cascading sand 
Topsoil 

Cemented conglomerate 
Red granite 

Surface silt and boulders 


Basalt and cinders 


Layers of altered basalt mixed with granite layers 


Basalt, fractured with calcite and ash 
Basalt, fractured (water at 385-390) : 
Hard black basalt 





Overburden-volcanic rock, sand, and gravel 


Volcanic rock, granite and black Malapai 
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Appendix 2 


Ground-water quality data for wells in the Agua Fria National Monument study area, central Arizona 











[uS/cm, microsiemens per centimeter; mg/L, milligrams per liter; ---, not reported] 
Zone 12 
Well Depthto Water level Specific 
altitude water altitude UTM UTM conductance Fluoride 
Well number (feet) Sampling date (feet) (feet) Easting Northing (uS/cm) (mg/L) 

(A-11-02)25bdd 3,700 05/18/1977 123 271 399052 3795675 490 0.6 
(A-09-02)26ddd 2,050 05/03/1978 9 2,041 396983 3772026 510 SS 
(A-11-02)14dac 3,760 05/24/1977 55 3,705 397445 3799155 510 ©) 
(A-09-02)35bcb1 2,040 04/28/1978 32 2,008 395542 3771483 545 5) 
(A-09-02)35baa 2,030 05/04/1978 14 2,016 396173 3771832 620 -) 
(A-11-02)14ccd1 3,760 05/25/1977 17 3,743 396431 3798781 620 6 
(A-09-02)34dda 2,020 05/04/1978 37 1,983 395322 3770649 705 6 
(A-09-02)34daal 2,020 05/04/1978 1s 2,005 395322 3771066 730 4 
(A-09H02)36cdal 2,440 05/19/1978 om] 2,413 397870 3780290 740 3 
(A-09-02)34dac 1 2,010 04/28/1978 13 1,997 395059 3770847 750 o 
(A-11-03)18ada 3,55) 05/23/1977 LD) 3,533 400854 3799462 785 A 
(A-09-02)35bdb 2,020 05/04/1978 9 2,001 395968 3771431 790 5) 
(A-09-02)34dad 2,020 05/02/1978 i) 2,005 395344 3770847 860 ‘SS 
(A-08-02)03dbd2 2,030 04/20/1978 Dp) 2,008 394778 3769469 870 5 
(A-09-02)25bde 2100 05/04/1978 17 2,094 397799 3772819 900 5) 
(A-09-02)34ccd2 1,980 04/21/1978 17 1,963 394093 3770429 950 ae 
(A-09-02)24dcd2 2,080 05/03/1978 Des 2,055 398111 3773720 990 se) 
(A-08-02)10cba 1,950 04/20/1978 70 1,880 394049 3768255 1,040 =) 
(A-11-02)12bda 3,620 05/23/1977 25 3,595 398492 3801400 1,300 i 
(A-09-02)28aab1 2,000 04/28/1978 29 1,971 393560 3773482 2,120 ES) 
(A-09-02)27cba 2,030 05/02/1978 0 2,030 393983 3772713 2,950 14.0 


(A-09-02)34aba 2,060 04/28/1978 0 2,060 394905 ST IILSST 3,380 3 
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Appendix 3 


Bureau of Land Management field-measured water properties and streamflow data from sites in 
the Agua Fria National Monument study area, central Arizona 


Site AA1, Ash Creek, Arizona 


[uS/cem, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft*/s, cubic 
feet per second; ---, not reported] 








Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 

Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft?/s) 
09/05/92 1615 638 8.1 22.0/27.0 --- 6.9 90 440 0.25 
09/25/92 1215 628 7.6 28.0/23.0 --- 5.9 78 430 1.00 
03/18/93 0900 590 8.5 10.5/11.5 310 10.0 104 390 17.80 
06/04/93 i215 670 8.1 24.5/22.5 1.07 7.4 97 440) 1.96 
08/05/93 1230 650 7.9 29.0/22.3 0.56 6.9 90 430 1.58 
09/16/93 1000 720 8.2 23.0/19.0 3.70 6.7 83 480 Ly 
12/07/93 1445 670 8.3 18.0/15.0 jal ye 81 440 1.83 
03/09/94 1110 640 8.2 16.0/14.5 0.51 8.3 94 420 2.42 
06/07/94 1105 730 8.2 28.0/21.5 0.69 7.6 98 480 1.45 
09/13/94 1235 750 7.8 26.5/24.0 317 6.3 86 500 1.50 
12/20/94 1400 580 8.6 19.0/15.0 2.50 8.2 94 380 1.30 
01/13/95 1105 660 8.3 15,5/15.0 2.05 8.5 97 440 1.49 
02/08/95 1240 670 8.2 LEST 126 7.8 92 440 eG 
03/02/95 1220 620 ae. 15.0/16.0 16.70 --- --- 410 7.87 
04/03/95 1050 650 8.3 20.0/17.5 2.01 8.4 100 430 3.10 
05/03/95 1330 670 8.2 25.0/25.0 [oh --- --- 440 1.88 
06/01/95 0820 650 8.3 21.0/17.0 1.02 8.2 98 430 1.66 
07/12/95 0945 660 7.9 Za O22 5 0.97 --- --- 440 1.50 
08/08/95 0915 670 12) 28.0/22.5 1.33 --- --- 440 1.13 
09/08/95 0925 680 8.1 26.0/22.5 13.9 --- --- 450 151 


10/03/95 0945 680 8.2 20.0/19.0 2.06 --- --- 450 1.46 
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Site AA1, Ash Creek, Arizona 
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Site D1, Dry Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft*/s, cubic 
feet per second; ---, not reported] 























Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature _—‘ Turbidity oxygen (percent solids Discharge 
Date Time (11S/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
10/05/92 1415 494 8.4 27.0/21.0 --- 102) --- 340 0.18 
01/25/93 1000 620 8.3 9.5/8.0 2.47 8.2 79 410 0.37 
06/04/93 1045 550 8.6 24.0/19.5 DS: 8.1 100 360 0.26 
08/05/93 1630 570 8.2 27.0/24.0 0.95 2g Ta 380 0.2 
09/22/93 1030 550 8.5 26.0/18.5 1.14 i) 92 360 0.13 
12/07/93 1220 510 8.5 165/125 0.52 9.3 99 340 0.26 
03/09/94 0935 520 8.4 12.0/11.0 0.62 9.5 99 340 0.28 
06/07/94 0925 560 8.4 26.0/17.5 2.18 7.9 94 370 0.21 
09/13/94 0950 620 8.2 23,0/20,0 EOF ihe) 95 410 O22 
02/09/95 1150 530 8.4 17.0/14.0 4.67 ES 83 350 0.19 
06/07/95 1000 530 8.1 21.0/18.5 0.76 ie 87 350 0.20 
10/03/95 1305 530 Bez 25.5/24.0 aol --- --- 350 0.15 
11/04/98 1210 540 8.2 18.0/15.0 --- --- --- 350 0.17 
|Value was marked with a “?” by the Bureau of Land Management. 
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Site LA 1, Little Ash Creek, Arizona 


[uS/em, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft3/s, cubic feet 
per second; ---, not reported] 




















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
10/05/92 1330 488 8.4 26.0/21.0 --- 19.4? --- 330 0.04 
01/25/93 1130 400 8.4 10.0/4.5 0.51 9.5 83 260 1.80 
~ 06/04/93 0900 550 8.4 21.5/19.0 ett 8.3 98 360 0.37 
08/05/93 1445 540 8.4 29.0/29.5 0.59 7.0 104 360 0.13 
09/22/93 0930 510 8.4 2.011735 1.97 (Xe 91 340 0.43 
12/07/93 0950 440 8.4 5/15 0.49 12.4 101 290 0.88 
03/09/94 0755 420 8.4 2155 0.90 9.0 82 280 0.90 
06/07/94 0745 500 ue 19.0/18.0 1.16 8.2 99 330 0.10 
09/13/94 0840 570 8.1 23.0/19.5 3.19 Te 90 380 0.47 
02/09/95 1125 430 8.4 16.5/8.5 1.60 9.4 92 280 0.90 
06/07/95 0935 470 8.3 210/215 1.08 Tse: 93 310 0.18 
10/03/95 1155 450 8.1 24.0/22.0 2.68 --- --- 300 0.38 
'Value was marked with a “?” by the Bureau of Land Management. 
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Site LA2, Little Ash Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft*/s, cubic 
feet per second; e, estimated; ---, not reported] 




















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
10/05/92 1345 490 8.4 27.0/20.0 --- 19.2? --- 340 e222 
01/25/93 1200 420 8.4 12.0/7.0 0.62 8.0 ae) 280 ZAG 
06/04/93 1000 550 8.3 28.0/19.0 1.28 8.1 99 360 0.69 
08/05/93 1530 580 8.0 27.0/24.0 0.54 4.3 58 380 0.29 
09/22/93 1145 520 8.5 31.0/22.0 1.65 al 93 340 0.53 
12/07/93 1110 470 8.6 16.0/6.5 0.52 10.9 101 310 1.16 
03/09/94 0840 460 8.4 7.0/7.5 0.73 10.4 100 300 127 
06/07/94 0830 590 8.1 255) 17.0 O72 TS 88 390 0.30 
09/13/94 0905 610 8.0 25.0/21.0 st 73 94 400 0.69 
02/09/95 1030 450 8.4 15.5/8.5 eae LOS 100 300 1.16 
06/07/95 0945 S10 8.2 21.0/20.0 0.89 net 96 340 0.28 
10/03/95 1225 480 8.1 25.0/23.0 212 --- --- 320 053 
11/04/98 1045 500 8.3 17.0/12.0 --- --- --- 330 0.60 
Value was marked with a “?’” by the Bureau of Land Management. 
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Site SC1, Sycamore Creek, Arizona 


{uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft3/s, cubic feet 
per second; ---, not reported] 






































Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
08/19/92 1230 472 8.2 33.0/29.5 --- eI --- 320 0.17 
01/28/93 1030 310 8.3 13.5/8.0 0.85 8.6 83 210 8.90 
08/12/93 0930 530 8.4 80:5/25:5 5.70 Tes 104 350 0.57 
12/09/93 0940 470 8.7 8.5/5.0 0.65 11.4 103 310 1.95 
05/10/94 0840 510 8.3 15.0/13.0 2.44 8.4 92 340 73 
10/26/94 1320 530 8.3 30.0/20.0 2.18 a3 92 350 0.75 
06/05/95 1015 460 8.6 28.0/24.0 0.81 7.0 97 300 1.06 
10/25/95 0950 540 8.4 18.0/14.0 --- --- --- 360 0.67 
'Value was marked with a “?” by the Bureau of Land Management. 
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Site AZ, Agua Fria River, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic 
feet per second; e, estimated; ---, not reported; >, greater than] 











Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 

Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft/s) 
06/25/92 1030 870 8.1 32.0/26.0 --- -- --- 395 e223 
07/13/92 0900 880 8.2 25.0/23.5 --- -- --- 600 0.91 
07/31/92 0900 960 8.2 26.0/24.5 --- -- --- 660 lil 
08/19/92 0940 OLS 8.2 29.0/27.0 --- -- --- 694 1.02 
09/04/92 O815 785 8.2 26.0/20.0 --- Vol 96 539 UM or 
09/25/92 0900 O22 8.3 25-0/22.0 --- 8.4 106 631 1.68 
10/20/92 0815 970 8.3 L505) --- ei 103 670 1.50 
11/06/92 0930 890 8.4 14.0/12.5 --- OY HOS 610 Desi) 
12/07/92 1100 670 8.5 12.0/11.0 --- -- --- 460 5.58 
03/04/93 0930 530 8.4 11.0/9.0 406.00 2 89 350 e150 
03/18/93 1200 740 8.2 19.5/18.0 77.40 8.2 99 490 58.14 
04/19/93 1015 750 8.1 19 SEES 20.30 ol 19 500 26.61 
06/01/93 0830 800 8.4 22,0/19°5 1.48 8.3 90 530 6.36 
07/02/93 1215 840 8.4 31.0/29.0 SS 6.7 99 550 py) 
07/29/93 1430 840 8.6 34.0/28.0 1.88 -- --- 550 1.68 
08/31/93 0845 700 8.4 DR OPIAY) 24.00 8.4 109 460 11.4 
10/22/93 0800 830 8.5 11.0/13.0 2D 9.4 101 550 5.58 
12/06/93 1245 710 8.5 17251 15.0 4.34 8.7 98 470 6.73 
02/10/94 1020 360 8.4 9.5/10.0 33.00 on a2 240 48.29 
03/25/94 0800 720 oR 8.0/9.0 1.02 10.1 100 480 7.14 
05/09/94 1105 720 8.2 19.0/19.0 Beles Tess} 89 480 4.35 
06/15/94 = 0910 880 8.5 26.0/22.5 o.23 VD SP) 580 1.06 
08/09/94. = 0740 690 8.5 24.5/21.0 > 1,000 Of 86 460 4.92 
10/25/94 =0810 1,140 8.4 14.0/13.0 2D 8.0 89 750 1.99 
12/21/94 1010 760 8.3 17.35/95 a) 9.0 90 500 3.86 
05/23/95 1145 740 8.4 23.0/24.0 les) Holl 95 490 4.09 
10/04/95 0930 860 8.3 20.0/19.5 1652 -- --- 570 3).0)l 
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Site A2, Agua Fria River, Arizona 
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Site BB1, Big Bug Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft*/s, cubic 
feet per second; ---, not reported] 





Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
06/25/92 LS 560 Re 33.0/26.0 --- --- --- 390 0.45 
07/13/92 0930 630 8.3 25.0/23.0 --- --- --- 430 0.56 
07/31/92 0945 650 8.3 24.0/25.0 --- --- --- 450 0.44 
08/19/92 1015 625 S28 29.0/26.0 --- eo) 105 430 0.36 
09/04/92 0900 690 8.4 26.0/18.0 --- 8.9 106 460 0.56 
09/25/92 0945 650 8.3 25.0/20.0 --- 8.8 107 440 0.30 
10/20/92 0900 690 8.5 17.5/12.0 --- 97 102 470 0:29 
11/06/92 1015 690 8.4 15.0/8.5 --- LOS 102 480 0.38 
12/07/92 1200 650 8.5 12.0/8.0 --- 11 106 450 0.36 
03/04/93 0830 500 8.4 11.0/9.0 14.60 9.7 96 330 31:20 
04/19/93 1115 770 8.3 19 SITS 0.79 7.8 ao 510 5.65 
06/01/93 0930 820 8.5 24.0/18.5 0.70 Sil 110 540 1.08 
07/02/93 0957 800 8.2 23.0/23.0 ZAG 8.8 104 530 0.77 
07/29/93 1300 770 8.7 29.0/20.5 1.44 --- --- 510 0.38 
08/31/93 1015 890 8.0 24.0/22.5 1.54 8.4 110 590 0.74 
10/22/93 0900 880 8.6 12.0/11.0 0.85 10.0 103 580 0.44 
12/06/93 1415 800 8.4 17.5/10.5 0.77 05 OF 530 0.58 
02/10/94 1145 740 8.4 12.0/10.0 1.10 9.0 9] 490 0.61 
03/25/94 0910 810 8.3 11.5/9.0 1.11 92 9] 530 0.51 
05/09/94 1145 790 Sel 18.0/18.5 0.67 8.1 98 520 0.35 
06/15/94 0955 890 8.4 28.0/23.0 0.88 7.6 100 590 0.07 
08/09/94 0815 --- --- --- --- --- --- =-- 0.00 
10/28/94 0840 --- --- --- --- --- --- --- 0.00 
12/21/94 1105 900 8.3 18.0/8.0 1.64 Ort 87 590 0.015 
05/23/95 1250 670 8.4 23.012529 easy 6.5 90 440 0.59 
10/04/95 1040 760 8.3 24.0/17.0 125 --- --- 500 0.38 


11/04/98 1430 700 8.4 20.0/20.0 === --- --- 460 0.3 
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Continued 


Site BB1, Big Bug Creek, Arizona 
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Site AN1, Antelope Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic 
feet per second; ---, not reported] 



































Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (11S/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft?/s) 
09/30/94 0825 900 8.2 23.5/19.0 0.66 conn! 83 600 0.03 
12/21/94 1215 760 8.3 19.0/12.0 0.89 8.5 89 500 0.035 
02/08/95 1445 770 8.3 18.0/15.5 1.15 --- --- 510 0.09 
03/15/95 0840 810 8.3 17.0/14.0 2.19 --- --- 530 0.16 
07/13/95 0925 800 8.0 24.0/24.0 1.85 --- --- 530 0.024 
10/20/95 1035 780 8.3 25.5/18.0 1.50 --- --- 510 0.056 
03/23/98 1420 760 8.3 27.0/23.0 --- --- === 500 0.055 
04/14/98 1450 770 8.3 16.0/18.0 1.03 --- --- 500 0.099 
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Site 11, Indian Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft*/s, cubic feet 
per second; ---, not reported] 














Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (1S/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
09/14/92 1345 670 73 37.0/25.0 --- --- --- 460 0.014 
10/05/92 1030 742 a7 25.0/22.0 --- --- --- 510 0.015 
11/18/92 0915 640 8.2 10.5/10.0 --- 8.5 86 420 0.04 
06/15/93 = 0845 640 8.5 27.0/22.0 V27 7.8 102 420 0.20 
09/02/93 ~=—0815 620 8.3 23.0/ 2185 1.48 8.5 109 410 0.53 
12/21/93 1000 530 8.4 6.0/5.0 0.53 11.4 102 350 0.58 
04/05/94 0840 580 8.5 1 15/42.0. 0.51 9.3 98 380 0.50 
06/29/94 0835 850 8.3 33.0/24.0 1.94 6.5 88 560 0.016 
10/27/94 0955 760 8.3 20.0/15.5 1.18 8.2 94 500 0.18 
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Site A3, Agua Fria River, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic feet 
per second; ---, not reported; >, greater than] 




















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (11S/em) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft?/s) 
06/25/92 1400 620 VE 35.0/25.0 --- --- --- 430 0.81 
07/13/92 1130 720 719 29.0/25.0 --- --- --- 490, 0.43 
08/19/92 0830 760 19 28.0/22.0 === --- --- 520 0.66 
09/13/92 1030 670 8.2 28.0/23.0 --- 5.5 70 450 2.42 
10/20/92 1015 780 7.8 24.5/22.5 === 5.8 We 530 0.51 
03/18/93 1400 720 8.3 20.5/19.5 58.30 7A 90 480 75.81 
04/19/93 1330 790 8.1 23.0/23.0 DO0 Ve! 94 520 39.05 
06/01/93 1200 820 8.3 27.0/25.5 1.82 (SU 92 540 6.53 
08/04/93 1000 680 8.4 30.0/24.3 --- --- --- 450 PE\ NU 
09/16/93 1330 890 8.4 28.0/26.5 9.76 6.4 90 590 5.03 
10/22/93 1050 840 8.5 20.0/19.0 PSX) Te. 87 550 5.92 
12/08/93 1200 730 8.5 SY) MSY ONT 99 480 8.93 
02/11/94 1005 500 8.4 VIALS 30.50 10.5 97 330 47.10 
04/25/94 0940 680 8.4 12.0/15.5 4.51 8.4 95 450 6.16 
08/09/94 0955 600 7.8 30.0/26.0 > 1,000 4.9 67 400 9.57 
09/14/94 1225) 970 Sal LU SASS [Ses 6.3 90 640 1.93 
03/14/95 1405 480 8.2 24.0/20.0 122 1.9 97 320 120 
05/24/95 0930 720 8.3 2A5/20.5 0.84 7.6 94 480 5.28 
10/16/95 1455 790 ol 28.0/22.5 2.07 --- --- 520 1.40 
10/09/98 1530 690 8.6 23.0/23.0 --- --- --- 450 0.06 
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Site S1, Silver Creek, Arizona 


{uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic feet 




















per second; ---, not reported] 
Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
10/05/92 0830 630 8.4 24.0/16.0 --- 19 3? --- 430 0.024 
06/01/93 1330 550 8.5 30.5/27.0 0.69 Tees 103 360 0.48 
07/13/93 0830 630 8.2 ZOO225 0.76 8.1 105 420 0.62 
12/08/93 0940 550 8.6 6.0/5.0 0.30 11.6 103 360 0.47 
03/10/94 0820 540 8.40 6.0/6.5 0.36 8.8 69 360 0.59 
06/05/94 0915 630 8.40 28.5/19.0 0.62 8.0 98 420 0.21 
10/27/94 1415 660 8.30 25.0/19.0 1.74 7.6 96 440 0.15 
02/20/95 1130 460 8.30 20.0/18.0 0.62 8.3 98 300 1.64 
06/01/95 1050 590 8.40 30.5/23.5 0.80 73 99 390 0:33, 
10/16/95 1255 610 8.30 28.5/21.0 0.84 --- --- 400 OLS 
10/04/97 1050 820 8.00 26.0/26.0 3.33 --- --- 540 0.04 
11/13/98 1050 690 8.30 18.0/10.5 --- --- --- 450 0.14 
'Value was marked with a “?” by the Bureau of Land Management. 
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Site LR1, Larry Creek Tributary, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic feet 
per second; ---, not reported] 

















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft/s) 
12/17/92 1400 625 8.1 8.0/15.0 0.20 De 65 425 0.07 
04/17/93 1000 610 8.1 15.0/17.0 0.85 7.8 90 400 0.33 
05/21/93 0930 610 8.3 21.5/20.0 1.16 7.6 93 400 0.18 
07/08/93 0845 620 8.0 26.0/22.0 1.04 6.8 87 410 0.11 
09/24/93 0830 620 8.3 20.5/20.0 1.90 ee 97 410 0.09 
12/20/93 1145 500 8.1 10.5/13.0 0.19 8.9 94 330 0.12 
03/11/94 0830 540 8.2 12.0/15.0 0.46 eo 80 360 0.11 
05/25/94 0830 590 8.1 18.5/18.5 0.55 6.4 76 390 0.08 
09/14/94 0835 650 8.0 18.0/20.0 0.47 (es) 89 430 0.05 
06/22/95 0835 590 8.0 21.0/20.0 0.62 7.4 9] 390 0.06 
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Site LR2, Larry Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft3/s, cubic feet 
per second] 

















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft/s) 
12/17/92 1200 775 8.6 9.0/9.5 0.45 10.6 102 530 0.015 
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Site BCC1, Black Canyon Creek, Arizona 


{uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft?/s, cubic feet 
per second; ---, not reported] 

















Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity oxygen (percent solids Discharge 

Date Time (1:S/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft/s) 
03/19/93 1200 670 8.4 BAW NYS) 0.94 9.1 99 440 78.18 
04/20/93 1130 770 8.3 25.0/19.0 0.49 oa a 510 26.58 
06/02/93 0835 850 8.1 Zoi 202) 0.76 8.2 99 560 4.03 
07/01/93 1415 760 8.6 33.0/31.0 0.98 2 104 500 133 
08/04/93 1300 730 8.9 3.1.0/3072 0.65 7.0 112 480 Let, 
09/01/93 1300 810 Seo 33.9/32.0 3.07 ews 106 530 2.40 
09/28/93 0930 800 8.5 28.0/19.5 111 8.8 104 530 1.58 
10/23/93 1200 860 8.6 23.0/18.5 0.93 8.7 100 570 233 
12/05/93 1430 780 8.8 ZACOlIS 2) iH o7/ 101 510 4.38 
02/11/94 1155 400 8.4 SAO 14.00 oe) 94 260 42.92 
03/08/94 WS 710 8.5 16.0/13.0 0.94 Os 96 470 8.88 
04/01/94 1445 720 8.7 27.0/23.0 0.69 8.0 100 480 6.80 
05/06/94 1145 970 8.1 27.5/22.0 1.03 7.6 95 640 2.04 
06/03/94 0735 1,020 8.3 EAU AISAD 0.97 WS 93 670 1.70 
07/01/94 0740 1,190 8.2 2912 5,0 1.16 lisa 93 790 0.99 
08/04/94 0735 1,230 8.3 25.0/24.0 2.65 --- --- 810 eI: 
09/11/94 0720 1,100 8.2 CO (225 4.88 =e 65 730 4.73 
10/02/94 1010 1,170 8.3 21. O/19.0 1.36 8.5 100 770 0.53 
11/10/94 1635 1,020 8.3 22.0/16.5 1.09 8.5 95 670 0.61 
12/14/94 1230 1,010 8.4 15.0/10.5 0.62 OF). 95 670 0.96 
05/24/95 1140 610 8.6 25.2125 1.56 8.1 100 400 3.00 
07/26/95 0850 --- --- --- --- --- --- aa 0.00 
03/24/97 1400 410 8.4 26.0/20.0 0.97 --- --- 270 2.58 
10/15/97 1130 WES) 27.5/--- --- --- --- 490 0.03 
10/30/97 1120 420 8.3 19.0/8.0 --- --- --- 270 OAL? 
05/07/98 1050 360 8.6 19.0/8.0 0.43 see --- 230 6.61 
06/12/98 1140 560 8.1 28.5/25.0 1.47 --- --- 360 0.00 


10/20/98 0920 540 8.7 20.0/14.5 --- --- --- 350 0.00 
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Site BCC1, Black Canyon Creek, Arizona—Continued 
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Site BCC2, Black Canyon Creek, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft3/s, cubic feet 
per second; e, estimated; ---, not reported; sl, slightly; v, very] 
































Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity! oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft3/s) 
03/13/92 1030 150 8.1 18.0/12.0 cloudy 9.4 104 100 226.00 
03/25/92 0845 260 8.4 D3.1/1 287 clear --- --- 170 52,50 
03/31/92 1230 180 8.3 13.0/15.0 clear --- --- 120 131.70 
04/10/92 0915 230 8.2 19.0/16.5 clear --- --- 150 44.10 
04/23/92 1340 360 8.4 31.0/25.5 clear --- --- 240 8.40 
05/07/92 1105 350 3.3 28.5/23.0 sl cloudy --- --- 230 14.40 
05/21/92 1000 --- --- --- --- = = — 0.00 
06/05/92 0730 500 --- 23.0/21.0 clear --- --- 270 0.05 
06/25/92 0915 --- --- --- --- --- --- nes 0.00 
07/30/92 1600 --- --- --- --- --- --- --- 0.00 
08/19/92 0815 --- --- --- --- --- --- --- 0.00 
09/25/92 0900 --- --- --- --- --- --- --- 0.00 
10/20/92 1100 --- --- --- --- --- --- --- 0.00 
11/07/92 1700 --- --- a --- --- --- --- 0.00 
12/08/92 1230 295 8.5 11.0/9.5 v cloudy --- --- 200 e80 
01/07/93 1715 110 8.4 135/01 55 896 --- --- a e1,000 
02/03/93 1100 390 8.2 15.0/13.0 4.5 10.6 100 260 102.00 
'Some entries are descriptive rather than NTU values. 
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Site Ab, Agua Fria River, Arizona 


[uS/cm, microsiemens per centimeter; °C, degrees Celsius; NTU, nephelometric turbidity units; mg/L, milligrams per liter; ppm, parts per million; ft3/s, cubic feet 
per second; e, estimated; ---, not reported; sl, slightly] 








Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity! oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft?/s) 

03/01/92 1130 440 8.6 19.5/17.0 --- --- --- 290 38.40 
03/05/92 1745 320 8.7 15.0/14.2 cloudy --- --- 210 178.50 
03/13/92 1500 240 8.9 24.0/17.5 cloudy --- --- 160 e 400 
03/25/92 1010 370 9.1 18.0/14.5 clear --- --- 240 91.40 
03/31/92 1430 280 9.2 16.0/18.0 --- --- --- 180 226.80 
04/10/92 1100 360 9.2 24.0/19.0 clear --- --- 240 72.10 
04/23/92 1515 420 8.5 32.0/25,7 clear --- --- 280 20.20 
05/08/92 1245 400 8.1 26.0/23.0 sl cloudy --- --- 260 22.40 
05/21/92 1120 570 8.4 20.0/20.5 clear --- --- 380 4.90 
05/29/92 1130 570 8.3 29.5/25.0 clear --- --- 380 4.60 
06/05/92 845 600 8.0 25.0/21.0 clear --- --- 320 4.10 
06/15/92 1900 600 7.9 29.0/21.0 clear --- --- 320 2.60 
06/25/92 800 640 7.8 26.0/22.0 clear --- --- 440 4.20 
07/13/92 645 685 7.9 19.0/20.5 clear --- --- 465 3.20 
07/31/92 700 670 7.9 24.0/22.0 sl cloudy 5.9 73 460 3.30 
08/02/92 800 645 8.1 26.0/24.0 clear 6.0 10) 440 2.90 
08/19/92 G15 660 79 29.0/24.0 sl cloudy 7.4 95 450 2:90 
09/05/92 1230 580 8.1 29.0/27.5 clear 400 3.40 
09/26/92 1030 630 8.0 33.0/23.5 clear 7.4 94 430 3.10 
10/20/92 1130 660 8.1 265/215 clear 9.1 ih 450 2.80 
11/07/92 1730 660 8.0 16.5/19.5 clear 7.0 82 450 2.60 
12/26/92 1100 600 Se 16.0/14.5 1.00 8.5 89 400 3.2. 
01/06/93 1430 380 8.2 12.0/12.0 9.00 --- --- 250 € 150 
03/05/93 1000 530 8.5 18.0/11.0 61.50 9.5 93 350 e 350 
04/20/93 930 730 8.3 21.5/16.0 1.69 8.1 88 ; 480 74.21 
05/29/93 --- 760 8.4 27.0/23.5 0.92 6.7 85 500 1A 
07/11/93 1118 720 8.4 31.0/25.5 1:03 --- --- 480 4.75 
08/04/93 1500 730 8.4 31.0/28.5 0.92 --- --- 480 bes! 
09/01/93 1630 750 8.2 33.0/30.5 36.40 5.8 83 500 8.44 
09/28/93 1130 790 8.5 31.0/27.5 1.69 G2 85 520 Hew) 
10/22/93 1545 760 8.5 23.0/22.0 1.13 8.1 100 500 6.47 
12/04/93 1045 720 8.6 130/125 0.94 10.0 101 480 15.16 
02/04/94 1030 690 8.3 14.5/10.5 1.03 9.7 94 460 27.18 
03/08/94 1530 710 8.5 18.5/18.0 1.03 8.6 98 470 23.69 
04/15/94 1500 730 8.3 31.5/27.0 1.18 6.8 92 480 11.63 
06/03/94 925 880 8.3 31.5/23.0 ty 1 7.9 99 580 4.23 
07/10/94 740 990 8.1 30.0/21.0 1.50 8.1 85 650 205 


See footnote at end of table. 
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Site A5, Agua Fria River, Arizona—Continued 


























Dissolved 
Specific Air/water Dissolved oxygen Dissolved 
conductance temperature Turbidity’ oxygen (percent solids Discharge 
Date Time (uS/cm) pH (°C) (NTU) (mg/L) saturation) (ppm) (ft?/s) 
08/09/94 1155 910 8.2 34.0/30.5 YN --- --- 600 Jee | 
09/13/94 1510 780 8.0 53:0/28.9 401.00 6.9 96 510 SANS 
03/14/95 1405 310 Sie 27.0/19.0 40.1 8.5 99 200 e 480 
05/15/95 900 670 8.6 24.0/20.0 1.96 7.8 a3 440 Oy. 
06/27/95 925 720 8.1 29.0/22.0 1.02 --- --- 480 4.02 
07/26/95 1020 720 8.1 34.0/24.0 1.10 --- --- 480 2.86 
03/12/97 1415 410 8.4 30.0/22.0 D132 --- --- 270 34.06 
06/05/97 900 760 8.1 28.0/21.0 29:10 --- --- 500 2.40 
07/03/97 910 730 7.6 30.5/22.0 --- --- --- 480 1.66 
11/18/97 1505 770 8.2 ZU OVLS 0 --- --- --- 510 1.44 
06/09/98 1130 660 8.5 DIO 22.) 0.43 --- --- 430 2.41 
10/08/98 1025 640 8.3 26.0/20.0 --- --- --- 420 ahi 
!Some entries are descriptive rather than NTU values. 
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